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PREFACE. 


The present Treatise on Elementaiy Hydrostatics is 
written to supply a text-book for tbe Autbor’s 
Junior Matbematical Class of Natural Philosophy, 
and to include tbe various propositions which can 
be solved without the Differential Calculus, 

Within the prescribed limits it has been his 
wish to make it as comprehensive as possible with- 
out entering into the bounds of practical hydraulics, 
more than is considered appropriate to a theoretical 
treatise. 

The Author has endeavoured to meet the wants 
of Students who may look to hydraulic engineering 
as their profession, as well as those who learn the 
subject in a course of scientific education. 

He hopes that in preparing a text-book for his 
own teaching, he has also produced a treatise which 
may be useful to others similarly engaged in tuition. 


London, 1859 , 




CONTENTS. 


PAGE 

lOTEODUCTION . . . . 1 

Dcfiiiitious — force of coliesion in solids — caloric the cause of fluidity— 
atoms of fliiids are in a state of neutral cquilibi*ium under tlio 
actions of opposing molecular forces— the liquids are not perfect 
fluids — possess atti’action of aggregation — yiscid fluids— contra- 
distinction of solids and liquids — characteristic distinction as to 
the transmission of pressure — how it arises — non-elastic and elastic 
fluids, 2 1 specifle gravity — ^water as standard — unit of pressure — 
pressure of a fluid ou a given area, 3 ; force of gravity, how coii- 
aidored — relations of mass, density, volume, and weight of fluids, 

4 ; liquids compressihlc — Canton’s results, 5 ; law for change of 
density — many gases have been reduced to liquids and some to 
solids, G. 


CHAPTER I. 

ON PEESStlBE WITHIN FLUIDS , . . . 7 

Transmission of pressure equally in all directions— experimental proof, 

7 ; principle of virtual velocities bolds good, 8 ; pressure on a 
horizontal surface, varies as the depth — unit of pressure, 9 ; fluids 
tend to find their level — a level surface, 10 j pressure independent 
of the quantity of fluid — liorizontid pressm^es in equilibrium, 11 ; 
upon a body in a fluid, 12 ; vertical prossmos, resultant how ex- 
pressed, 13 ; a body i^artly immersed, 14 ; law of the resultant 
pressure on a body wholly or partly immersed— relative gravity— 
the body ascends or descends in a fluid, 15 ; the conditions that a 
body may float at the surface, 16 ; bow deep a floating body sinks 
— tbe weight of a body in a fluid of variable density, 17 ; a float- 
ing body disturbed, 18 ; the equilibrium stable, unstable, or 
neutral, 19 ; tbe metacentor — the ■whole pressure upon the sur- 
face of a body, 20 ; the centre of pressure, 21 ; the pressure below 
several fluid strata, 24 ; two fluids meeting in a bent tube, 26 ; 
examples 26 to 32. 



VI 


CO^'TJi^’TS. 


CHAPTER IE 

PAGE 

in ehostatical instkument6’ - . . . 33 

The common hydrometer, 33 ; Sikes’s— Nicholson’s, 34 ; the specific 
gi'aTity bottle, 35 ; its uses, 36 ; the hydrostatic balance — specific 
giMTity, how found by it, 37 ; the knowledge of specific gravities 
important— true weight of a body, 3S ; densities of alloys of 
metals, how expressed, 39 ; condensation and expansion of alloys 
and mixtimeg, ib, ; proportions in alloys — allowance for condensa- 
tion, 40 ; the spirit-level, its uses, 41 j the depression in lovolliiig 
— the offing, 42 ; Bramah’s press, 43 ; examples in hydrostatical 
instruments, 45 and 46. 


CHAPTER III, 

ox ELASTIC on aehifoum rLuins ... 47 

Gases, vapours, temperature— no perfect thermometer, 47 ; the laws 
of Boyle, Gay Lussac, and Amouton, 4S ; Boyle’s law, how proved, 

49 ; Gay Lussac’s law, 50 ; how shoTO, 51 ; Reguanlt’s results, 52 ; 
Amonton’s law discussed, ib . ; on the atmospheric buoyancy, 53 ; 
the barometer, how constructed, 54 ; its various uses, 55 ; it 
measures pressure — the atmosxihere not homogeneous, 56; the 
density of the air decreases in a geometric progression as wo 
ascend, 57 ; the difference of heights found by the barometer, 58; 
corrections, 59 ; lioiglit of earth’s homogeneous atmosphere — 
pressure on a square inch, 60 ; water and oil barometers, 61 ; air- 
pumj) valves, 62 ; construction of the common air-pump, 63 ; 
Newman’s air-pump, 64; density of the air in the receiver — 
siphon-gauge, 65 ; barometer-gauge, 66 ; the condenser — aii'-gun, 

67 ; the six>hon, 68 ; reciprocating springs — the suction-piimi^, 69 ; 
the lifting-pump — ^tho forcing-pump, 70 ; the fire-engine, 7l ; 
Archimedes’ screw, 72 ; the imeumatic trough, 73 ; diving-bell, 

74 ; mixtures of gases, 75 ; examples in pneumatics, 75 to 77. 


CHAPTER IV. 

ox HEAT 7S 

Caloric essential to bodies— change of bulk and form— latent heat, 
how considered, 78 ; temperatm'e, its measurement by tliermo- 
metera, 79 ; their defects — expansion of gases — absolute zero of 
cold, 80 i Dalton’s views, theii* consequences, 81; the gases are 
vapours of liquids and solids mth great affinities for caloric — 



CONTENTS. 


Vll 


PAGE 

maximum density of water — specific heats or capacities for caloric 
— volumes of bodies depend upon the caloric they contain and 
the temperature — the converse of this — hammered iron becomes 
red-hot, S2 j fire-syringe — defective elasticity — heat by friction — 
radiation of heat — conduction — radiant heat reflected, refracted 
and polarized, 83 ; how shown in solar boat and dark radiant 
heat — radiant heat various as liglit is coloured, 84 ; apparent 
radiation of cold — conducting powers, how found— convection, 85 j 
construction of thei-mometers — standard mercurial, 86 ; scales of 
thermometers, 87 ; comparison of scales — air thennometer, 88 ; 
differential theraiometer, 89 ; self-rogisteriug, 90 ; Eergusou’s 
pyi^onieter, 91 ; rates of expansion of some bodies, 92 ; compen- 
sation bars— linear expansion, 93 ; Breguet’s themometcr — Da- 
iiieH’s jiyrometer, 94 ; fusing points of metals, 95 j specific heats, 
how determined, 96 ; table of specific heats of solids, 97 ; of gases, 

98; Dalton’s reflections, 99, 


OUAPTEP. V. 

ON VAPOTiaS 100 

They are subject to the same laws as gases — air saturated with vapour, 

100 j clastic force of dry and saturated air, 101; solids furnisli 
vapours — elastic force of vapours of various liquids— table, 102; 
Alexander’s formula, ib.-, table of elastic force of steam, 103; 
table of boiling points of water at different i)rossures, 104 ; method 
of finding the elastic force of vapours, 105 — 106; Wollaston’s 
instiTiment an elementary steam-cnginG, 107; Cjunot’s view- 
atmospheric steam engine, 108 ; its disadvantages, 109 ; Watt’s 
condensing cnghie, 110; the box-yalve. 111; Trevithick’s high- 
pressure engine, 112 ; rotatory steam en^es, ib » ; hygrometers, 
tb.; imperfect liygi*ometers~the dew-point — *wet and dry bulb 
thermometer — Glaisher’s tables, 113; varying dryness of the 
air, 114. 


CHAPTER VI. 

ox THE RELATION OP LIQUIDS TO GASES AND SOLIDS . 115 

Liquids contain air, it escapes imder the aii“X>uinx) vacuum— springs 
variously impregnated with gas— the laws determined by Heniy 
and Dalton, 115; how to be examined— capillary attraction and 
repulsion, 116 ; how exhibited— circumstances that the one or the 
other may arise, 117 j investigation, IIS; law of the ascent in a 
capillary tube, 119 ; between parallel plates, 120; between plates 
inclined at a small angle, 121 ; experimental results, 121. 



Vlll 


CONTEXTS. 


CHAPTER Yir. 

PAGE 

ON THE MOTION OP FLUIDS . . • ,123 

i\to3ES of fluids cipaLlc of indexicndcnt motion— motions of vibration 
and tianslation, 123 ; velocity of issuiii" jets of fluicISj 124; vena 
steady motion, 125; time of a given quantity of liquid 
flooring from a 's esscl kcj)t always full^ 12G ; of a cylinder allowed 
to empty itself through a small orifice, iK\ fonns of jets, 127 ; the 
hydraulic ram, 128 ; Barker’s mill— fireworks — the turbine — uatcr 
wheels, 120 ; fonn of the surface of a liquid in a rotating vessel, 

130 ; the rarefaction in diverging streams of fluids, 131 ; adju- 
tages — safety valves — on waves, 132 ; tliem interfcrcuco — ^i*ofloxion, 

133; on sound, ih,\ not transmitted through a vacuum— kalcido- 
iPhone— sliows siq^ciimi^osed Tubrations, 134 ; velocity of feoimd in 
ail’, at clifierent temperatures, over water, 135; mathematical 
investigation of the velocity in air— in uater, 136; longitudinal 
vibrations— loops and nodes, 137; pitcli of musical notes from 
strings — of notes from a tube closed at one end, 138 ; of notes 
from a tube oxicn at both ends, 139 ; vowel sounds — human voice 
— Iiarmonics — formation of tlic diatonic scale of notes, 140 ; tem- 
perament, 141. 


TABLE or SPECiriC GBAVITILS . 


142 



HYDKOSTATICS, 


INTKODUOTION. 

Ih tlie lleclianical ScienceSj wliicli ai-e called Hydrostatics and 
Hydrodynamics^ the matter which is subject to the action of forces 
is said to be in a state oi fluidity » 

In solid bodies the particles are held together hj the forces 
of cohesion; but in fluids, the effect of an increase of caloric (the 
cause of heat) has been to take away this force of cohesion, so 
that the atoms of a perfect fluid are put in motion amongst each 
other on the application of the slightest force. We must con- 
sider that when at rest, the atoms of such fluids are in a state of 
neutral equilibrium under the actions of the internal and external 
forces to which they are subject 5 so that any additional force 
applied to an atom puts it in motion. We must remember that 
as bodies expand on being heated and contract in volume on 
being cooled, the ponderable hard parts of the atoms must be 
separated by considerable intervals, and possess in any given state 
atmospheres of caloric and other imponderable fluids, which pro- 
duce the repulsive forces counteracting the attractive forces of 
the hard nuclei for each other. So that the actual slate of a 
quiescent hody must he that of equilibrium amongst its atoms 
under the action of opposing molecular or atomic forces. 

In strictness the elastic or aeriform fluids alone fulfil the con- 
dition of jDerfect fluidity, for the liquids or dense fluids possess 
the attraction of aggregation by which small isolated portions of 
them collect in spherical drops, and some dcgi’ee of force is 
P. H. 1 
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required to separate tlie parts of such di’ops which thus exhibit 
a force of adhesion. In some problems this attraction of aggre- 
gation or adhesion is an essential property to be considered; but 
in the gi’eater number of cases the properties of fluidity common 
to liquids and gases alone aftect the results. This is the case 
even for the viscid fluids, such as tar, syrups, &c., which require 
time to airive at their state of equilibrium. The characteristic 
state of fluid bodies, in contradistinction to that of solid bodies, 
is that their particles are capable of motion amongst each other 
on the application of the slightest force. 

The characteristic distinction of solids and fluids as to the 
transmission of pressure evidently arises from the mutual rela- 
tions of their constituent atoms, so that solid bodies only trans- 
mit pressure in the direction of its action; but fluids ti'ansmit 
pressiue equally in all directions from the absence of stable rela- 
tions between contiguous atoms. 

Fluids are subdivided into non-dastic fluids or liquids ; and 
elastic fluids or gases and vapours. 

Dejinitions. The mass of a portion of fluid is the quantity of 
'matter wliich it contains as measured by its inertia^ and is pro- 
portional to its weight at the same place. The weight of a 
body, as in dynamics, is the pressme produced by it under the 
action of the force of gi'avity. 

Bef The density of a body, solid or fluid, is the relation of 
the quantity of matter it contains to its bulk, and is measiued 
by the mass or quantity of matter in a unit of volume^ when uni- 
form* It is however frequently expressed by reference to the 
density of some fluid taken as a standard. Thus we say the 
density of mercury is about 13^ times that of water; the density 
of silver is about 10| times that of water. In these cases water 
is evidently taken as the standard fluid. Sometimes the densi- 
ties of the gases are referred to a standard gas, as when we say 
that the density of hydrogen gas is only ^th that of atmospheric 
air, and then we take atmospheric air for om: standard fluid. 
The two methods of expressing the density of a body are easily 
convertible the one to the other in the mathematical results. 
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Def. The specific gravity of a body is the weight of a unit 
of volume, and is generally expressed, like density, by reference 
to a standard fluid. Thus, when we say that the weight of a 
cubic foot of iron is nearly eight times that of a cubic foot of 
water, w^e refer the specific gravity of iron to that of water as a 
standard. Also we know the actual weight of a given volume 
of a body when we know its sj)ecific gravity, since a cubic foot 
of distilled water weighs 1000 ounces avoirdupois at the tempe- 
rature 60^ Fahrenheit very nearly. 

The tables of densities and specific gravities are evidently 
identical when the same standards are taken. A table will be 
found at the end of this volume. 

The term unit of pressure in hydrostatics has a different 
meaning to that which it has in statics. In statics, pressure 
being generally represented by weight, the unit of pressure is 
the unit of weight which is taken, as one ounce, one pound, or 
one ton; but in hydrcFStatics we have to consider the pressiues of 
fluids upon surfaces, and then we call the pressui’e upon a unit 
of area of tlie surface, the unit of j)ressurc^ when it is a uniform 
pressure. For example, if a cistern containing water has its 
base horhoniali then the pressure on every square foot of the 
base is the same, and the pressure on any area of it is propor- 
tional to that area; so that if the pressure on a square foot is 
known, the pressiue on any given part of the base is loiomi. 
In this example a square foot is taken as the unit of area; in 
other cases we might take a square inch, or square yard, as the 
unit of area; and we can pass easily iu calculation from one unit 
to another, as the problem may require. 

In this manner, if be put for tbe unit of pressure, A the 
area on which the pressure is P, and the pressure is uniform or 
constant, we have 

P=p.A 

When the pressui-e is not constant, then p is not constant, 
and this formula does not apply; and the value of P requires to 
be found firom the rules of the science as investigated further on. 
This will be the case whenever the pressui’e is required upon a 
given area of the vertical side of a cistern containing water for 

1 — 2 
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example; where the pressure increases with the depth below the 
sui’face of the water. 

Tlie force of gravity is expressed in hydrostatics in the same 
manner as in dynamics, being measured by the velocity produced 
by its action in one second of time; and we put force of gxavity 
= ^ = 3'2‘10 feet velocity per one second. In hydrodynamics this 
number has to be employed often^ as it has in dynamics ; but in 
hydrostatics the expressions which contain it are easily changed 
to others in terms of weights, since in dyiramics weight equals 
gravity multiplied by the mass ox w — g . m. 

The mass is proportional to the volume of a body when the 
density is constant, or if Ave put m for the mass when the volume 
is V and the density is p, we have 

moc F when p is constant; 

and again, the mass varies as the density when the volume is 
constant, or 

wzrcc p when V is constant; 

so that by the rules of Algebra, when V and p may both vary, 
we haA^e 

mcc p, F; 

and if G be some constant, 7}^ — (7. p - F 

To find the value of let p^, be some given simul- 
taneous values of p, and F, then 


When we put C7= 1, as is usual, and then have 

— p . F, 

Ave see that the unita of mass, density, and volume, are not in- 
dependent of each other, but the mathematical expressions must 
be brought to a recognised form when we want to peifoim actual 
computations; and this is easily accomphshed, for we have 


g 

^g.p.V; 
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and therefore, in any formula where ^ . p • F occurs, we may 
rej)lace it hy the weight of wliich the unit of measure will be 
know from the data of the question : also, conversely, in order 
to solve any question, we may replace w by its equivalent gp V, 
when the solution turns upon the density and the volume. Ex- 
amples of these will be found iui-ther on. 

It was formerly thought that liquids were absolutely non- 
elastic; but Canton proved, in the year 1762, that they diminished 
slightly in bulk under pressure, and recovered their original 
volume when the pressure ceased; and this has been confirmed 
by Perkins, Colladoii and Sturm, CErsted, Eegnault, and others. 
The law of Canton is this, that t/ie diminution in volume of a 
liquid is j)rojportional to the qyressure to which it is subject^ also, 
that the amount of diminution under a given ^^ressiu’e is different 
for different liquids. The following table contains his results 
when the barometer stood at 29^ inches, and the thermometer 
stood at 50*^ Fahrenheit. 



Oompi'ession of a 
volnme unity un- 
der the prcasuie 
of tlie atmosphere. 

Speeific 

guivity. 

Spirit of wine 

•000066 

•846 

Oil of olives . . . 

•000048 

•918 

Rain-water .... 

•00004G 

1-000 

Sea-water 

■000040 

1'028 

I Mercury 

*000003 

13-595 


We see that the compressibility of liquids is so small that it 
is only in particular cases it needs to be taken into account. 
The law of Canton is expressed in a formula as follows. Let V 
be the original volume of the liquid and the density p, V the 
volume under a pressiue ^ measured in atmospheric pressures 
upon a unit of area, and the density p ; let o be the compressi- 
bility or the value of the numbers in the second column of the 
table, that is, when 
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Then r^V'=Kc.j?, 

or F=F(l-cp), 

and since V\p'= Kp. we have p =-~ — . 

' ‘ I — cj) 

The volumes of aeriform fluids change gi’eatly with changes 
of pressiue ^and temperature, and their peculiar properties in- 
volve in a very great degi’ee their relations to heat. The laws 
to which they are subject will be found in the chapter treating 
of gases and vapoui'S. By a vapour is meant an elastic fluid 
which is easily reduced to the liquid state by the application of 
cold or pressm'e, or both. We say easily reduced to the liquid 
state, for many of the gases have been reduced to the liquid 
and some to the solid state. 

Amongst those which have been brought to the solid state 
are carbonic acid^ ammonia, cyanogen, euchlorine, sulphureted 
hydrogen, sulphurous acid, hych’iodic acid, nitrous oxide, &c. 
Others, as muriatic acid and olefiant gas, have been reduced to 
the liquid state ‘ whilst the following were found by Dr Fara- 
day to remain in the gaseous state at the temperature 166“ below 
the zero of Fahrenlieit’s thermometer. 

Hydi'ogen at 27 atmospheres pressure 

Oxygen ... 27 

I^^iti’ogen ... 50 

Nitric oxide ... 50 

Carbonic oxide ... 40 

Coal-gas ... 32 



CHAPTER I. 

ON THE PRESSURES WITHIN FLUIDS. 

In tlie iutroductory chapter it was stated that fluids at rest 
transmit pressure equally in all directions , on account of the 
state of neutral equilibrium which exists for each constituent 
atom of the fluid, arising from their mutual pressures upon each 
other, and being the results of the internal and external forces 
to which the body is subject. The experimental proof of this 
property is as follows. 

Prop. 1. To describe the experimmial jrroof that fluids trans- 
mit pressures in all directions. 

Let ABODE represent Fig. i, 

the horizontal section of a 
close vessel filled with fluid, 
having pipes in the sides with 
tight-fitting pistons, and the 
fluid filling the pipes up to 
the pistons, of which the cen- 
ters are in the horizontal sec- 
tion of the figure 1, 

Now if any pressure is 
applied to any one of the pistons, then pressures must be 
applied also to each of the others to keep them in their places \ 
and the pressures must be proportional to the areas of the 
pistons respectively, so that the unit of pressure is the same for 
all, and likewise for all of the surflice of the vessel ; or 
fluids ti’ansmit pressiue equally in all directions. 
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Prop, 2. To shew that the equation ofmTtiial mlocitles holds 
good for fluids in equilibrium. 

In the figure 1, let &c. he the areas of the pistons, 

and &c. their distances respectively in the pipes from 

the hody of the vessel. 

Let V he the volume of fluid in the vessel itself, so that the 
whole volume in the vessel and pipes 

= a, ■ -f . Ag + &c. 

After the pistons have received simultaneous displacements, 
let 7z/, 7ig', 7ig', &c. he their distances respectively in the pipes. 

And since the volume of fluid is unchanged it is 

= F+ Jil + fig . h^ H- rtg , h^ + &c., 

or subtracting this value from the former one, we have 

0 = Oi (/ij - h^) + ajji^ - /?;) + a, {h^ - li^) + &c (1). 

Now if Pj, Pj! -^8> pressures applied to tlie pis- 

tons respectively in equilihriuin, then 

iK-K), iK-K), 

are their vh’fcual velocities respectively ; and if qp is the unit of 
pressure, then 

therefore multiplying the eq^uation (1) byj 9 , we have 

0 = p, [\ - 7./) + p, - h;) + p^ [h, - h;) &c., 

which is the e(luation of virtual velocities ; and if some of the 
pistons are moved inwards, others must he moved outwards, or 
some of the teims will he positive and others negative. 

Prop. 3. To find the pressure upon a horizontal plane surface 
iciihin a fluid of uniform density^ and subject to the action of 
gravity. 
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Let AB "be the horizontal plane 
sm-face and its area a, upon which 
the pressure P is to he found. 

Suppose a vertical prism of the 
fluid ABGB above AB up to the 
surface CD of the fluid, and whose 
base is AB^ to be sepaiated from 
the rest of the fluid by an ima- 
ginaiy rigid film, which would 
not alter the state of the fluid ; then if the outside fluid were 
removed, we see that the whole weight of the internal fluid must 
be supported by the base AB^ since no part would be supported 
by the vertical sides of the film ; and the pressure upon AB 
would be the weight of the fluid equal in volume to the prism. 

Since before the external fluid was supposed to be removed 
there was equilibrium ; therefore the pressme on the under side 
of the area AB equals the prcssui-e on the upper side of it, and 
eacli equals the weight of fluid of the volume of tlie prism. 

Let the depth AC ^ p the density of the fluid, and p the 
unit of pressure on AB; then the volume of the prism V= a. 

and P= ffpV^ppas, 

Also since the pressure is uniform, 
and p = ffpz, 

or the pressure varies directly as the dej^th z. 

If the area had been indefinitely small, as ah in the figure,, 
and equal to ct, we should have had the pressure upon it in like 
manner equal to . a. But when the area is indefinitely small 
it will be all sensibly at the same depth when not horizontal, so 
that on the surface of a body in a fluid, or on the siuface of the 
containing vessel, the pressme on any indefinitely small area is 


Fig. 2. 



Cor. 1. It is evident the pressures are equal at all equal 
depths, and since fluids transmit pressure equally in all clirec- 
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tions, therefore in ec[iiilibriuni the upper free surface where the 
pressure vanishes is horizontal. 

In viscid fluids the smface will become horizontal only in 
some sensible time after it has been disturbed i also in fluids 
generally waves will arise when the fluid is distinbed, and they 
must have ceased before the fluid can be said to be in equi- 
librium. 


OOR. 2. Within a fluid which is in equilibrium we may 
suppose imaginary films to separate certain portions from tlie rest 
without distiu’bing the respective parts, and all the parts of the 
surface would remain in the same horizontal plane. Hence when 
a fluid is contained in a system of vessels which communicate 
with each other, the sm’faces of the fluid in all the vessels are in 
the same horizontal plane. g 

If fig, 3 represents a set of 
vessels of different forms 
communicating by a pipe 
AB, then the surfaces G, 

By E, Fy in the sejijarate 
vessels will be all in the 
same horizontal plane. This in common language is stated by 
saying that ^fluids always find their levels or tend to do so. 



This is shewn also by taking a horizontal plane in the pipe 
ABy at which the pre»ssures must be equal in equilibrium, and 
the heights of the surfaces above it the same, whatever be the 
form of the vessels. 


Cor, 3, From this we see that a level surface, when of 
small extent, is a horizontal plane; but when large, as the sur- 
face of a lake, it has the curvature of the earth’s surface. These 
must be examined when the uses of the spirit-level are discussed. 

Cor, 4. Since the pressure upon a horizontal area depends 
upon the magnitude of the area, and upon the depth below the 
surface of the fluid, the pressure on the bases of vessels resting 
upon a horizontal table is the same when the bases are of the 
same area, and the depth of the fluid is the same whatever le 
the qxianiity in the vessel* 
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Let Tbe the base of a Fig. 4. 

cone ABC, or of a C 7 linder p 
ABLE, or of an inverted frus- 
tum of a cone ABQF, or any 
other form of vessel ; then the 
pressure on AB is the same 
whichever of the vessels be 
used, if the fluid be at the same height in all. 

The pressure on the base AB of the cylinder ABBE is the 
weight of the contained fluid, since the vertical sides can sup- 
port no part of the weight; but the cone being oue- third the 
volume of the cylinder, the pressure on its base, when filled 
with fluid, is three times the weight of the fluid it contains. 
In the inverted frustum of a cone the pressure is evidently less 
than the weight of the contained fluid. 

The pressiue upon the table in each case is the weight of the 
vessel and the contained fluid. The pressure ou the inner sur- 
face of the base of the cone filled with fluid, neglecting the 
weight of the vessel itself, is three times that of the outer sur- 
face of it upon the table. The resultant vertical pressure will 
be found discussed in Prop. 5, in explanation of this circum- 
stance. 



Prop, 4. To shew that the horwnied ^pressures upon the sur^ 
face of a 'ocssoL containing fluid arc in equilibrium with each 
other. 


Let PQ he any indefinitely small hori^onted prism in figui’cs 
5 and 6, taken in vessels containing fluid. 




Fig. 5. 


Fig. 6. 
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Then the unit of pressure at P and Q will be the same, since 
they are at the same depth ; also the pressure is in every case 
perpendicular to the surface at each point where there is equi- 
librium ; for if any component pressure j^arallel to the surface 
existed, it w^ould set the fluid in motion, contrary to the supposi- 
tion of equilibrium existing. 

Then if PN, QN are the normals to the surfaces at P and 
Q respectively, the angles they make with the axis of the prism 
are the same as the angles between the perpendicular section 
ah of the prism and the oblique sections in which it meets the 
surfaces of the vessels at P and Q, since these sections are per- 
pendicular respectively to the former directions. 

Let PN make an angle 9 with the axis of the prism PQ* 

Let a = the perpendicular section ah of the prism P^ in the 
fignires. 

a' -the oblique section in which it meets the surface of 
the vessel at P. 

a"=thatat Q, 

AVe have a — a NPQ — a o^^^NQP by the property of 
projections. 

Then being the unit of pressure at P and Q, pa! is the 
pressure on the oblique section at P, and its horizontal compo- 
nent is pa cos 9 =pa, since ^ = cos 0. 

Similarly the horizontal component of pa!' at Q is and 
the same result will arise in whatever horizontal direction the 
prism be taken, therefore the horizontal pressures are always in 
equilibrium with each other. 

Con. A similar method of proof shows that the horizontal 
pressm-es upon a body iinmersed in a fluid are in equilibrium 
with each other. 

Pnop, 5. To investigate the Tesultant vertical pressures on 
the surfaces of a vessel containing fluid. 
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Let PF be an indefinitely small 
vertical prism meeting tlie hori- 
zontal base ji-P of the vessel jiPG^ 
which is filled with fluid in the 
indefinitely small area a at P' ; then 
if a' is the oblique area in which the 
prism cuts the surface of the vessel 
at P, and the angle between tlie 
normal PX, and the horizontal line 
PQ is 0, as in the last Prop,, we have now 


Fig. 7. 



“ = cos^PP' = sm6'. 
a 


Kow the pressme on the oblique area at P=_pa', and its up- 
ward vertical component 

cos NPP' 

=^]}(x sin 9 


z being the depth of PQ below the surface, let z be tlie depth 
of P below the surface of the fluid ; 

Then the pressure on the area a at F is downwards, and 

The difference of the downward pressure at P', and the up- 
ward pressure at P, 

= gp(x{s'-s) 

= 'weiglit o£ the fluid of the Tolume of the prism PF'. 

The same result holds for all indefinitely small vertical 
prisnas which can be taken in the fluid ; and the resultant of all 
the vertical pressures, upwards and downwards, equals the 
weight of the fluid contained in the vessel, of whatever form it 
may be. 
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Cor. 1. If a body be immersed 
in a fluid, sncb as PQF (fig. 8), and 
a Tertical small prism FF were taken 
in it, the difibrence of the vertical 
pressni’es upon the oblique areas in 
which it meets the sui’face of the 
body will be as above 

= gpa. (s' - z) 

= the weight of the fluid of the volume of the prism FF\ 

Now the same being true for all other small vertical prisms 
which can be taken in the body, the resultant of the vertical 
tiressines acting upon the body equals the wciglit of an equal 
volume of the fluid to it, or which it displaces, and acts vertically 
upwards. 

The resultant acts vertically downwards through the center 
of gravity of the contained fluid in the first case (fig. 7), and 
upwards through the center of gravity of the fluid dis]olaced in 
the latter case (fig. 8), since the vertical pressures arc systems of 
parallel forces represented hy the weights of the prisms of fluid. 

Con. 2. If the body were only partly immersed, we should 
have the prisms terminating in the plane of the surface of the 
fluid, and ^ = 0 for some parts of the body; but the sum of the 
prisms of fluid would make up the whole fluid dis^Dlaced, and the 
resultant pressure would be the weight of the fluid displaced, as 
before. 



Con. 3. That the resultant pressure of a fluid upon a hody, 
wholly or partly immersed in it, equals the weight of the fluid 
displaced by it, and acts vertically upwards through the center 
of gravity of the fluid displaced, is easily shown at once by sup- 
posing in fig. 8 and fig. 9, that before the body was immersed in 
the fluid, the part displaced was separated fl-om the rest by an 
imaginary rigid film ; then if the exterior fluid were removed, 
that within the film would gravitate vertically downwards with 
a pressure equal to its weight acting through its center of gravity; 
and before the exterior fluid was removed, there being equili- 
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briniiij this downward pressure was balanced by an equal and 
opposite upward pressure from the exterior fluid. The exterior 
fluid would produce evidently the same pressme upon the, sur^ 
face of the body, wholly or partly immersed in it, that it does 
upon the imaginary fihn of the same form and position; and 
hence we conclude^ that the resultant pressure of a f-uid upon a 
hodi/, wholly or partly hnoiersed ia eqiials the weight of the 
fluid displaced^ and acts vertically upwards through the center of 
gravity of the fluid displaced. 

Prop. 6. To find the accelerating force of relative gravity 
with which a body immersed in a fluid ascends or descend'S, 

Referring to fig. S, the resultant moving force acting upon 
the body is evidently the difference of its weight acting down- 
wards through its center of gravity, and of the vertical pressure 
of the fluid upwards through the center of gravity of the fluid 
displaced. Row if the body is homogeneous, or its density uni- 
form, these will be opposite vertical forces acting tlu’ough the 
same point, the center of gravity of the "body or fluid displaced 
in all positions of the body; but if its density is variable, there 
will be only certain positions of the body when its center of 
gravity and that of the fluid displaced are in the same vertical 
line, and in the other positions there will be a resultant pres- 
sure which generally will produce motion of rotation as well as 
translation ; and thus a body ascending or descending in a fluid 
may at the same time have an oscillatory motion. 

Taking now the case of the homogeneous hody only, 
let p he the density of the fluid, 

P body, 

F' be the volume of the body; 

then the weight of the hody = gpV\ and the weight of the fluid 
displaced = gp 

Now supposing the body to descend in the fluid, we have the 
resultant moving force == weight of the body ^weight of 

the fluid displaced =^F(p'--p), 
and the mass of the body = pF'; 
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the accelerating force of relative gravity 

, _ resultant pressure 
^ mass moved 

- pT 

which is a fractional part of gi-avity depending on the values 
of p and p\ 

We have supposed p' greater than p, or the body to descend; 
and if p' were less than p, we should have 



and the body would ascend in the fluid. 

If p = Pj then c/ = 0, and tlie body would remain at rest any 
where in the fluid. 

The case of the air-balloon ascending and descending in the 
atmosphere fulfils these three conditions. When the balloon, its 
contained gas, and appendages, weigh less than the air tliey dis- 
place, the balloon rises; when they weigh more than the air dis- 
placed, it descends. 

PnOP. 7. To find the conditions that a hody may fioat in 
eguilibrium at the surface of a fluid. 

In order that two forces may Fig. 9 . 

balance, they must act tlirough 
the same point, he equal in mag- 
nitude and opposite in direction; 
therefore, in the case of the equi- 
librium of floating bodies, the 
weight of the body being sup- 
ported by the upward fluid pres- 
sure, we have, by Coi\ 2, Prop. 5, the two conditions to be 
fulfilled as follows. 
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(1) The weight of the body equals the weight of the fluid 
it displaces, 

(2) The centers of gravity of the body and the fluid dis- 
placed must he in the same vertical line. 

Def. Tlie plane in which the surface of the fluid cuts the 
floating body is called the plane of floatation^ 


PjBOP. 8. To find hoio deep a given hody will sinh in a given 
fluid of greater density than itself when floating in eguilihrium. 

In fig. 9, let V be the volume of the fluid displaced, p its 
density, F' the volume of the body, and p' its density, then the 
first of the conditions of the last proposition gives us 


gpV^gp'V', 


y 

and therefore -y, ~ 


f 


The volume F must be also taken so as to fulfil the second 
condition, or the plane of floatation AB must be perpendicular to 
the line joining the centers of gravity of the body and the fluid 
displaced. 

t 

In a few simple cases the computation for the value F= F — 

is easy; but in the more interesting cases of floating bodies it is 
more complicated. 

Examples will be found at the end of the chapter. 


Prof. 9. When the density of the fluid increases as the depths 
to find the weight of a hody at a given depth. 

Let p be the density at the surface of the fluid, a the increase 
of density at a depth unity, and therefore the density at a depth 
z will be p + <jz. 

Let p he the densiiy of the body, and F its volume, then its 
weight at the depth 2 ; = weight of the body — tlie weight of the 
fluid it displaces 


P. H. 


-^99r^g{p^az)T 


2 
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and the body will float in the fluid at a depth such that 





PnOP. 10. A floating hody being slightly displaced vertically 
from its position of eguilihrium^ to find the accelerating force 
causing it to return to the position of egidlibrium. 


Let AB be the original plane of 
floatation, of which the area is A; 
let ah be the level of the surface of 
the fluid, and x the depth of AB 
below ah. 


Pig. 10. 



Then the volume of fluid displaced more than in equilibrium 
will be Ax, nearly, and the weight of this volume is the moving 
force bringing the body back to its position of equilibrium. Let 
as before p = density of the fluid, volume of fluid displaced 
in equilibrium, p' = density of the body, and F' = its volume. 

Then the accelerating force bringing the body to its original 
position 

_ weight of the volume Ax of the fluid 
mass of the body 


_gpAx 
Vfl ^ 


and iy=Vp, 


gpAx 


9 

which varies with the depth x and area A, and changes sign 
when AB is above a5. 

Calculations for the motion of the body from this formula are 
only approximate, because the distobance of the floating body 
will give rise to waves on the surface of the fluid, which are not 
taken into account. 
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Cor- If the 'body were floating in a Fig. n. 

vessel of finite extent, and the area of the 
surface of the fluid in the vessel were 
the rise of the surface of the fluid in the 
vessel, by the depression of the body, 
would be sensible. Let co' be the rise of 
the surface of the fluid to ab, fig. 11, and x-\-x' the height of ab 
above AB, 

A 

then [A' ^ A)x ^ Ax, and x = 
and we have the accelerating force 

^ weight of the volume A{x + x^) of the fluid 
mass of the body 




Prop. 11. To invesligat& the conditions that the egwilibrium 
of a floating body may be stable, unstable, or neutral- 

Let the figure 12 represent Pig, 12 . 

a section of the floating body 
through its center of gravity Q. 

Let AB be the surface of the 
fluid, and JS tlie center of gravity 
of tlie fluid displaced before the 
angular disturbance, and when 
the line HCf was vertical. Let 
JS' be the center of gravily of 
the fluid displaced after the dis- 
turbance, as in the figure. Draw a vertical line meeting 
the line HQ produced in JS, then JS is the Tnetacanter of the 
floating body. 



2 — ^ 
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Now if, as in fig. 12, (? is below Mi there is a statical couple 
bringing the body back to its first position with the line MGH 
vertical, the equal and parallel forces being the weight of the 
body acting vertically downwards through 6^, and the fluid pres- 
sure acting vertically upwards through II\ 

If, as in fig. 13, the center of gravity G of the floating body 
were above M, the moment of the couple would evidently 
tend to turn the body from the original position of equilibrium, 
which would be therefore unstable. 

If 21 and G coincided, the 
equilibrium would exist in the 
new position, and therefore woidd 
be neuti-al. 

In stable equilibrium then, 
the center of gravity of the body 
is below the metacenter. 

In unstable equilibrium the 
center of gravity is above the 
metacenter. 

In neutral equilibrium the center of gravity is at the meta- 
center. 

Pkop. 12. To find the whole ^pressure of a fluid upon the 
surface of a hody immersed in it. 

Let BPGQ be the body, PQ an Fig. 14. 

indefinitely narrow boiizontal ring 
upon its surface, and let its area be 
a, and depth AM = z. 

Let p be the density of the flnid, 

^ the whole area of the surface of 
the body equal to the sum of the areas 
of all the elementary rings, as PQ^ 
which can be formed upon it, or, using 
S for the sign of summation, A^%{a) 

Let z be the depth of the center of gravity of the surface 
A below the surface of the fluid, and 

‘z.A^^ifl.z) 
by the property of the center of gravity. 



Fig. 13. 
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Now the pressure of the fluid upon the ring FQ —gpaz^ by 
Prop. 3, and the whole pressure upon the siuface of the body 

= t iffpaz) 

= gpt{a.z) 

= gpAz, 

which is the same as if the whole surface of the body were 
horizontal in the fluid, and at tlie depth of its center of gravity. 
It will he found in the examples that this proposition is of fre- 
quent application to find the pressures on given surfaces in 
fluids. 

Cor* If the surface on which the pressure is required he 
the whole or part of the sui’face of a vessel containing fluid, the 
same rule will evidently hold good, 

Prop, 13. To find the center of pressure of a flam area 
immersed in a fluid, 

Drf. 3y the center of j^ressure we mean the point where 
the wltole pressure on the plane surface may he considered to act, 
and would produce the same mechanical effect as the actual pres- 
sures on the surface. 

The center of pressure is found in a similar manner to the 
center of gravity in statics ; namely, hy taking moments about 
any given lines. The cases of different forms of floodgates are 
easily solved hy the Integral Calculus, but the case of a rect- 
angular floodgate Is of so much practical importance that it will 
be here solved by Algebra alone. 

Let ABGD be the rectangular 
floodgate, with the side AB iix 
the surface, and inclined at an 
angle 6 to the surface of the fluid, 
and seen obliquely in fig, 15. 

Draw OM bisecting the opposite 
sides AB and GD, then the cen- 
ter of gravity and the center of 
pressure will both be in the line OM, Take PpQ indefl- 
nitely narrow elementary area parallel to AB^ and draw from 


Fig. 15. 
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its middle point jp the vertical line pm to the surface of the fluid. 
Join 0 and m, then the line Om in the surface of tlie fluid is 
perpendicular to and the angle p Om = ^ is the angle be- 
tween the rectangle ABGD and the surface of the fluid; also 
the depth pm — Op sin 6. 

Let AB — a^ BG=1), and let the breadth of = where 

n 

is a veiy large number. Then the area of the element 

PpQ = a.^. 

^ n 

The pressure on <3 

= gp X area x depth pm 

= sin 6. 

Now let Op = m. — . where the extreme values of the number 
m are 0 and n ; 

/.the pressure on Bp Q- gpaB. ^ , sin 0^ 

71/ j 

and the moment of this pressure about the line AB is 

7yi^ 

pressure x arm Op = gpaW, — . sin 0. 

Let X be the distance of the center of pressure from O, also 
by Prop. 12 the whole pressure upon ABGD = gp . area x depth 
of center of gravity 

- == gpah . \ . sin 0, 

2 «■ 

and its moment about AB witb the arm X = sum of tlie moments 
of the pressui-es upon all the elements such a.B PpQ about the 
same line ; or, using again S for the sign of summation, we have 

gp ~ .BmdxX^t {gpcP\ . sin 6} 

= gpah’’ sin I 
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where m is to have every integral value from. 0 to w, or 
= 0 + 1^ + 2^ + 3^ + &c. . . . 


= a + /3/i + 7 ^® + Sti^ . .say, 

where a, /3, 7, S are constants independent of the numher of the 
terms of the series, and a =:= 0, since t {m^) = 0 when n = 0* 


Again, carrying the series one teim fuilher, 

0 4- + 2" + 3" + &c... + {n 4- 1)" 

= a + y3 . (n + 1) 4- 7 • 4* 1)^ + S . (w 4* 1)® ; 

subtracting the former from this, 

(7i 4- 1)^ — + 27i + 1 = /3 + 7 (2?i + ] ) 4 S (3?i® -I- 3?i + 1) , 

or 7i"(3S«l)+n(3S4-27-2) + (S + 7 + /3^1) = 0, 

which is to he true for all values of ?z, and the coefiScient of each 
power is therefore to he zero, 

or 33 — 1 = 0, and S = - , 

o 


38 + 27-2 = 0, ... 7 = i, 
2 


S + 7 + /3-1 = 0, ... /9 = i, 

O 

n 11^ 

- j 1 — 

6 2 3 111 

^ 3 ’ 

and when n is indefinitely gi’eat, this sum = 

X=-§d, 

and the center of pressnre is helow the center of gi-avity and 
independent of 0 . 

If 61 = 0, and the surface A BCD is parallel to the surface of 
the fluid at a given depth, then the center of pressure coincides 
with the center of gravity, since the pressures are a system of 


and 
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parallel forces proportional to tlie areas upon the surface of the 
floodgate. 

The point found as the center of pressui'c is that where a 
single force will balance the actual pressures, and it requires par-- 
ticiilar attention in the consti'uction of yats, tanks, and reservoirs 
of wood or metal to contain fluids. 

If a single force is to be applied to the gates of a dock or 
canal lock, which shall balance the fluid pressures and relieve the 
hinges of all strain, it is clear that the center of pressure is the 
point where it must be applied. If, again, the equivalent force 
at any point of the gate is requhed, the moments of the force, 
and of the whole pressure acting at the center of pressiue about 
the hinges, must be equated to each other. 


PeOP. 14. To find the j^ressure at a given depth when several 
fiidds which do not mix are in eguilihrium. 


When a number of fluids which do not 
mix are placed in any vessel, then when in 
equilibrium they will ainange themselves in 
their order of densities; those which are 
specifically lighter taking the higher posi- 
tions, and their common surfaces where two 
meet must he lioiizontal, in order that the 
horizontal pressiu’es may balance. 

The unit of pressure at any point, such 
asP, fig. 16, is that due to the different fluids 
in the column above it. 


Fig. 16. 


A-ir 




Oil 


'Water- 


JMerrcuni 

— ^ 


Let the depth of P be 

made up of a depth in a fluid whose density is 



^3 

&G &C. 

Then if is the pressure due to the upper stratum of fluid, 

second 

Pa third 

&c 
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and is the unit of pressure at P or at the depth Sj + Sj + Sg 4- 
&c., we have 

P= Pi +P2 +Pi + &c. 

= i^(/’l®i + Pg0g+/33^g+&C.), 

wliich result may be arrived at directly, by supposing a cylin- 
didcal vertical column to be separated by an imaginary rigid film 
from the rest, as in Projo. 3, and the sum of the weights of the 
various portions of the column makes up the Tveight at the base. 

Cor. The previous propositions suppose the existence of a 
vacuum around the fluid which is under consideration, since the 
fluid pressure was taken to arise from the fluid itself only. 
When the circumstances occur in the atmosphere, there are cases 
where the atmospheric pressure requires to be taken into ac- 
count, whilst in others, being equal in all directions, it does not 
affect the problem under discussion. The equivalent of the at- 
mospheric pressure, in terms of that arising from any given fluid, 
will be foimd further on. 

Prop. 15. To find the conditions of equilibrium when two 
fluids which do not mix meet in an inverted bent tube. 

The heavier fluid will occupy the lowest portion of Pig. 17, 
the hent tube, as in fig. 17, say from A to D] and R 
the lighter one the other leg, say from A to B, 

From A draw a horizontal line to (7, and let 
the vertical height of D above the level of AO he A, 
and p the density of the fluid ; let h' be the height of ^ 

B above AO, and p the density of the fluid in the 
leg AB. Then the portion of the fluid from A to 0 will balance 
of itself, and the pressure at A must equal that at 0, or we 
must have 

gph-gpJi, 

and therefore 4 = ^- 

h p 

This result holds equally under the pressure of the atmo- 
sphere and in a vacuum, since the pressure of the atmosphere 
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will be tlie same at B as at if we neglect the small difference 
of their heights. 

Coe. 1. The same resixlt evidentlj holds good whateyer be 
the inchnations of the two legs to the horizon; and also if two 
vessels of any foim were connected by a pipe at their lower 
ends. 

Coe. 2, If each of the tubes or vessels contained several 
fluids which did not mix, the lowest portion would be occupied 
by the heaviest; and di-awing a level surface AG within it, the 
condition of equilibrium will be that the whole pressmes at that 
level must be equal. 


Examples. 

Ex, 1, A cylinder with its axis vertical being filled with 
water, find the pressm'e on the base and concave surface when 
the height is 10 feet, and the diameter of the base is 2 feet. 

Ans. The weight of a cubic foot of water bemg 1000 
ounces, the pressure on the base is the weight of 31 '41 6 cubic 
feet of water, and equal to 1963’5 lbs. By Prop. 12, the pres- 
sure on the concave surface equals the weight of 314T6 cubic 
feet of water equal to 19635 lbs.; since the surface of the cylinder 
= 10 X 2 X 3T416 square feet, and its center of gravity is at the 
middle point of the axis. 

Ex. 2. Show that if the height of the cylinder in the last 
example were 1 foot in place of 10 feet, the pressm-e on the base 
would equal that upon the concave surface. 

Ex. 3. Show that a cube with its base horizontal being 
filled with fluid, the pressmn on the base is twice that on any 
one of the vertical faces. 

Ex. 4. Show that if a rectangular parallelopiped, of which 
the edges are ct, 5, and c inches, he set with that one of its faces 
whose sides are h and c inches, horizontal, and he filled with 
fluid, then the pressiues on two contiguous vertical faces will be 
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in the ratio of 6 to c; also the pressure on the base eq^uals that 

2c 

on one of the vertical faces multiplied by* — , and equals that 

a 

2b 

upon the other multiplied by 


Ex. 5, The area of the surface of a sphere being that of 
four gi’eat circles, shour that if a sphere of one foot diameter be 
immersed in water with its center 10 feet below the surface, then 
the whole pressure upon its surface will he 1963*5 pounds. 

Ex. 6. To find the weights upon the upper board of the 
hydrostatic bellows when the surface of the water in the pipe is 
at a given height above the upper board of the hello ws. 

This insti-ument may he made in a variety of 
forms. Before the India-ruhher cloth was in- 
vented it was frequently made like fig. 18, where 
AB is a vertical pipe from the center of the upper 
circular hoard The board BB was con- 

nected by leather, strengthened by horizontal 
metal rings, with the lower board OB. The two 
hoards CD and BB might he brought near to- 
gether with the metal niigs only between them, 
or be separated to a considerable distance. 

The usual method of now making the instru- 
ment is to have the pipe AB at the side, and con- 
nected with a pipe leading to the center of the 
At the end of that pipe, in the center of the lower board, is 
screwed the brass fitting in the neck of a bottle of ludia-iaibber 
cloth, of a cylindrical form, s lengthened internally with hori- 
zontal metal rings. The upper hoard BB then only rests upon 
the circular end of the bottle. 

Now if the bellows and pipe contained water to the height B, 
it would raise, if free to do so, the upper hoard BBto the position 
GBHy since fluids ‘ tend to find their level; ’ and if the upper 
hoard is in equilibrium in the position EFy weights must he 
placed upon it equal to the weight of the column of fluid EFGH^ 
which can therefore be easily calculated when the diameter of 
EF and the height AB are known. 


Fig. la. 



Ct:'- -::5d 

lower board. 
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Let the height AB bo ten feet, and the diameter of the iipper 
board EF be two feet; then the weights put upon the upper 
board, together with the board itself, the pipe AB and fluid in 
it, must equal 1963*5 pounds, the calculation being that of Ex- 
ample 1. 

If the diameter of the upper board is one foot, and the height 
AB is five feet, the weight supported is 245 pounds. 

The effect being independent of the diameter of the pipe, 
this experiment illustrates the great effect sometimes produced 
in natui*e by thin high columns of water wliich open at their 
lower ends into close cisterns of moderate dimensions. 

Ex. 7. A surface of one square inch being immersed in 
mercury at the depth of 30 inches, required the pressure upon it, 
taking the specific gravity of mercury =13*58. 

The pressure will be evidently, by Prop. 3, the weight of 
30 cubic inches of meremy = 13*58 x the weight of 30 cubic 

inches of water = 13*58 x " x 30 ounces = 14*735 pounds. 

1728 ^ 


Ex. 8. What will be the height of a column of water which 
will produce the same pressure on any given area with a column 
of 30 inches of meremy? 

If we put p == the density of water, p = the density of mer- 
cury, s and z the respective depths, the pressure on any hori- 
zontal area A being, by Prop. 3, ^gpz . A —gpz,A\ 

r I 

= ^ . z\ and by the question — = 13*58, z = 30 inches; 

P P 

and the height of the column of water required = 30 x 13*58 
inches = 33*95 feet. 


Ex. 9. To find the height of the column of oil, specific 
gravity *92, which shall produce the same pressme as a column 
of 30 inches of merciuy. 


The height of the column of oil required 
13*58 . 


:=^30X 


• inches = 36*9 feet. 


•92 
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Ex. 10. A cone, witli its base horizontal, being filled with 
fluid, find the ratio of the height to the radius of the base, when 
the pressure on the base equals that on the concave surface. 

The center of gravity of the concave surface of the cone, as 
found in statics, is in the line drawn from the vertex of the cone 
to the center of the base, and at |-rds that distance from the 
vertex. 

The concave surface will develope or spread out into a cir- 
cular sector, of which the arc is the circumference of the base, 
and the radius is the generating line AB (fig. 19) of the surface 
(called also the slant side). 

Let r^BG^ radius of the base, 
li = AG= height of the cone, 

G the center of gravity of the 
concave surface, and 

AG = %Ti-, also AB = J7TJ?. 

Then by Prop. 12, the pressure on 
the concave surface 

= gpTrr X f hy 

and the pressure on the base 

^gp7rr\ hy 

and when these are equal we have 

or ^ = 

Ex. 11, Show that in the regular tetrahedron filled with 
fluid, and one face for the base horizontal, the^ pressure on each 
of the inclined faces equals two-thirds that on the base. 

Ex. 12, If a cone resting on its base be filled with fluid, 
show that when the height is three times the radius of the base, 


Fig. 19, 


A 
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the pressure ou the concave surface is (2*108 times) more than 
twice that on the base. 


Ex. 13. A cylinder, of which the density is p\ floats in 
equilibrium at the suidace of a fluid whose density is p, with its 
axis vertical ; to find how deep it will sink. Also the density of 
ice being ■§■ that of water, to show that the thickness of a sheet 
of ice floating at the surface of water equals nine times the 
height of its surface above the water. 


Let an) be the level of the siu*face in 
fig, 20, and let AM = £c, to be found when 
AB = ^ is given. 

From Prop. 8, ^ ^ | ; 



Fig. 20, 



also BM= I 


which gives li when BM is known. 


Ex. 14. A cone floats in a fluid with its axis vertical and 
apex downwards ; to find how deep it will sink. 

Let AB'^^lh he given, and 
AM^x to be found, in fig. 21. 

Since the plane of floatation cuts 
from the cone a portion, as in the 
figure, similar to the whole cone, 
we have 

F _ p' 

F 

Ex, 15. To find how deep a paraboloid of revolution will 
sink in a given fluid, the volume of a segment of a parabo- 
loid being one-half that of a cylinder of the same base and 
altitude. 


Fig. 21. 
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Let AB = Ti, AM=x, DUE teing 
in the surface of the fluid in fig. 22, and 
= ^mx, = imk. 

Then the volume of the whole para- 
hoHc segment 

= I TT . X rfJ5 = i TT . 4?nA^ 


Fig. 22. 



and the volume of the part immersed 


= ^ ttZJJjP y. am = 27^/)^a!^ 


and by the formula of Prop. 8, 


r'^p~E’ 


and 



Ex. 16. To find how deep a cylinder floating in a fluid with 
its axis horizontal will sink. 

The depth to which it will sink will be independent of the 
length of the cylinder. 

Let A OB be the vertical diame- 23. 

ter, and 0 the center of the perpen- 
dicular section of the cylinder in 
fig. 23, and-D(7 the siuface of the 
fluid; also let the angle 
the radius AO^a^ and 

AM = £c = « vers 0, 

the area of the segment A OB = area 
of sector A GOB — area of triangle BOG 

= arc X rad. — -I (7 x OM=a^. 0 (2a sin d . oj cos 6) 

= a^(0-isin20, 

V p area of segment _ d — sin 26 
F' p ~~ area of circle tt ’ 



and 



32 


ON THE PRESSHEES WITHIN FLUIDS. 


and if 6 is found from the expression 

t 

6 ^ \ sin 2^ = TT . — , 
then X is known fr’om x^a vers 6, 

The equation for finding 9 is 

r 

^ -f i sin 20 = TT . — , 

P 

when the axis of the cylinder is below the surface of the fluid. 

Ex, 17. If a vat, or a bairel of a cylindidcal foim, with its 
axis vertical, the bottom closed aiid the top open, had the staves 
parallelograms, where could a single hoop be placed to counter- 
act the fluid pressiue upon the staves when it was filled with 
fluid? 

Ex. 18. Suppose a single hoop were placed in the last 
experiment higher than the center of pressure, what would be 
the effect? 

Ex. 19, Suppose the hoop were placed lower ^ what would 
be the effect? 

Ex. 20. Suppose the hoop placed in any given position, 
and the vat were only partly filled with fluid, what would be 
the result? 



CIIAPTEE 11. 


ON HYDKOSTATICAL INSTEUMENTS. 

Peop, 16. To ex]}lmn the construction and iprinciple of the 
common hydrometer^ 

The common hydrometer ABME consists of 
two hulhs A and B blown tip on a tube of glass 
with the blow’pipe. The bulb A is weighted to 
cause the instrument to float with the stem ME 
vertical j and the amount of weight in A is regu- 
lated for the fluid to which it is to be applied • 
its sensitiveness is increased as the diameter of 
the stem is diminished with the same dimensions 
of bulb. 

A slip of paper being introduced at the end 
E before it is closed, the instrument is placed 
in fluids of known but different specific gravities, 
and the depth to which it sinks in each is noted. These and 
intermediate divisions being marked upon the slip of paper, 
it is put into its place in the tube and the end E closed with 
the blow'pipe. 

When the hydrometer is placed in any liquid and floats in 
equilibrium, it displaces its own weight of the liquid ; and the 
volume displaced will be less as its density and specific gravity 
are greater, and this is indicated by the depth to which it sinks, 
as at the point M in the surface GMD of the liquid, aud this is 
easily read off. 

Being made of glass, it has the advantage, besides its cheap- 
ness, that it may be placed in acid and saline solutions without 
injury. 

P. H. 



3 
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Prop. 17. To explain the constniction and uses of Sikeses 
hydrometer, 

Sikes’s hydrometer is made of brass similar to 
fig. 25, haying a solid ball A at the lower end, con- 
nected by a tapering stem with a hollow ball B\ 
from B is the flat brass rod on wliich the divi- 
sions are marked. From the smallness of the rod 
BG the instrument is very sensitive, and at the 
same time a considerable range is obtained by its 
being provided with a set of brass weights, such as 
D, which will pass over tlie narrow upper part of 
the stem between A and B^ and rest upon the 
ball A, 

The way in which the specific gravity of liquids is found 
by Sikes’s hydrometer. Is like tliat of the common hydrometer, 
but the value of the divisions for the different weights, sucli as 
-Z), must be known. 


Fig. 25 . 


c 



Prop. 18. To explain the construction and uses of Nicliol- 
soiis hydrometer, 

Nicholson’s hydrometer is chiefly made 2 g. Fig. 27 . 
of brass, but of different forms. When □ ^ 

made like fig, 26, it has a cup at the lower 
part A^ in which bodies can be placed for ic 
the purpose of weighing them in water, 

This cup is connected with the hollow ball ( g ) r 

jB, from the upper part of which rises ^ V y 

steel wire, and on the end of it is the sup- 

port for the cup D, When in use the in- X 

strument is sunk in the liquid to the mark 

C upon the steel wire in fig. 26, or H in fig. 27. When made 

of the form fig. 27, it has a solid ball at E, a hollow vessel 

with a flat toj) at and the steel wire with mark H rises 

from a bridge of brass wire abc. The cup G is supported on 

the end of the steel wire as before. 

The instiument is furnished with sets of weights by means 
of which it is sunk to the marks G or H. in the fluid. With 
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1000 of tlie grain or half-grain weights in the upper cup, it will 
float in distilled water with the mark Q or H in the surface. 
If any body of le&s than that weight he placed in the cup, 
tlie weights which are ref_[uired in addition to sink it again to 
the Gallic mark, being’ taken from 1000, we hare the difference, 
the weight of the body in air. If the body is placed in the 
cup -cl, or on the flat top ac, and the same process is followed, 
the wciglit of the body in water is found, and then its specific 
gravity can be calculated as with the liychostatic balance. 

From tlie smallness of the steel wire on wbicli the marks G 
and II are made, the instrument is exceedingly sensitive, and 
will serve instead of a delicate balance ; bnt it is very trouble- 
some, being affected by the varying temperature of the water 
with which it is used. 

To find the specific gravity of liquids by Nicholson’s hydro- 
meter the instrument itself must be weighed. Then this weight, 
together witli the weights to he put in the cups D or Q to sink 
the instrument to the marks G or gives the weight of the 
fluid displaced, and thus the weights of the same hulks of dis- 
tilled water and any otlier liquid can be compared. 

Various forms of the hydrometer have had the names areome-- 
ter^ alcoliohneter^ saccliarometpr^ die. 

Peop. 19. To explain the uses of the specific gravity hotile. 

The specific gravity bottle is made like 
%. 28. 

It has a stop 2 :)er AB made of a jiiece of 
glass tube, which is ground into the neck 
of the bottle until tlie distilled water, which 
will fill the bottle and the pipe of the stop- 
per, weighs exactly 1000 grains. 

If the bottle be then filled with any 
other liquid, its specific gravity is kno^vn 
at once to great accuracy, by weighing again, 
the volume being that of 1000 grains of distilled water. 

The specific gravity bottle is also of use to determine the 
specific gravities of powders, sand, and small crystals, &c., not 

3—2 
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soluble in water ; for wlien ca given weight of any of these is 
put into tlie bottle, and then the remaining space filled with 
distilled water, and the bottle then weighed, we have the weight 
of distilled water of equal bulk to the bodies from the following 
formula. 

Let TV be the weight of the bottle when holding 1000 grains 
of water, 

7v the weight of powder, sand, &c. introduced into it, 

W' the weight of the bottle when filled with sand, &c. and 
water. 

Then the weight of distilled water equal in bulk to the powder, 
sand, &c. 

^JV-hw-ir, 

and the specific gravity of the powder, sand, &c. 

the weight of the sand, &c, in air 
the weight of an equal volume of water 

w 

W+ — TV' ‘ 


Prop. 20. To exjj^ain the uses of the hydrostatic halance. 


The hydrostatic balance, as 
in fig. 29, is merely tlie com- 
mon balance, with one of the 
scale-pans hung with shorter 
cords for the convenience of 
weighing bodies in water when 
hung from it, as A in the figure, 
by some fine thread, or best of 
all, by a very fine hair. 


Pig, 29- 



Let w be the weight of the body in air, 


w 


water- 
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Then the weight of the water displaced hj the body equals 
the weight lost by weighing in water, by Prop. 6, 

= w — w'j 

and the sfiecific gravity of the body 

^ weight of the body 

weight of an equal volume of water 

w 

10 — w ' 

where the specific gravity of water is taken unity. 

In the above discussion it is supposed that the body sinks 
in water. If the body is specifically lighter than water, it is 
necessary to hang a heavy hody to it to cause it to sink. 

Let w = the weight of the light hody in air, 


*«,== 


io'= 


10 



The weight of both in air minus the weight of both in 
water equals the weight of water displaced by both 

= 10 H- 10^ — w”y 

the weight of water displaced by the heavier 

^ 10^ — 10 ; 

therefore by subtracting, the weight of water displaced by the 
lighter body 

= 10 -f lo'— vj', 

and the specific gravity of the light hody 

10 

IV -\-w — w" 

The specific gravity of a liquid is easily found with the 
hydrostatic balance by weighing any heavy body in air, in 
water, and in the liquid ; since the weight lost by weighing in 
water equals the weight of the water displaced, and the weight 
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lost by weigliing in the liquid equals the weight of the liquid 
displaced; and tlie volumes displaced are equal. 

Let w = weight of the body in air. 


to — water, 

to' the liquid. 


* > • 'll) ““ xo 

Then the specific gravity of the liquid = ^ . 

The sj^ecific gravity of a body is one of the characters which 
enable us in many cases to determine its nature. In mineralogy, 
the form, crystalline or otherwise, the form of fracture, the 
lustre, the colour, the liardnc'^s, the colour of the streak when 
soft, and specific gravity are generally sufficient to determine 
the mineral, if it is of a known species. The simple metals 
are readily distinguished by their appearance and specific 
gravity, and the composition of the alloys may be often known 
approximately by the same means. 

If the components in an alloy of two metals, or a mixture 
of two liquids, are known, the propoiiioiis of eacli can be found 
by taking the specific gravity of the alloy or mixture, and 
allowing for the change of bulk which generally takes place on 
the combination of liquids, or of metals in a state of fusion. 
The alloys of some metals occupy less bulk than their compo- 
nents did, and those of others occupy more space. The taking 
the specific gravity of the alloy or mixture, when the pro- 
portions are known, enables us to ascertain whether there 
has been expansion of volume or condensation during the com- 
bination. 

The true weight of a body is its weight in a vacuum, its 
apparent weight in air is its true weight minus the weight of an 
equal bulk of air, since air acts like other fluids, producing a 
resultant vertical pressure equal to the weight of the air dis- 
placed. The air continually changing in density, when great 
nicety of weighing of large bodies is attempted, the natme of 
the weights, as well as of the body weighed, require to be con- 
sidered. 
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Prop. 21. To find the specific gramty of an alloy or 
hire of gicai composition^ supjiosing no change of hulk to ham 
arisuu 

Let be tlie density of one of tlie components, its 
volume, and its weight, 

pj the density of the other component, its volume, and 
its ^v^eiglit, 

p the density of the alloy or mixture, V its volume, and lo 
its weight. 

Then r= Ig, and w = u\ -f- 


_ IV^ + v\ _ + w. 

Pi p, 

^ P IP 2 

which gives p when the weights and densities of the components 
are known, and if by experiment it differs from this we know 
whether they have contracted or expanded on being combined. 

Prop. 22. An alloy or mixture liming undergone condensa- 
tion^ to find the degree of condensation from the hnoion specific 
gravities. 

Since the mass is unchanged, let V and p be as in the last 
proposition, and p the actual volume and density of the mix- 
tm*e or alloy, then Vp = 7‘p\ 

and V-r=v{l-^- 

J/- J/-/ ( ^ 

therefore the condensation = — == — = ^ . 

V p 
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Coe. Similarly for expansion, 


the expansion 


r-F ^p-p' 
r p 


Peop. 23. To find the jprojportioiis of the components in an 
alloy of given metals, supposing no change of volume to have 
talcen place, when the specific gravity or density is Icnown, 

Let p^V^w^, pVw be as in Prop. 21, and now 

and are to be found, supposing that F= F^+ K; 

but w “ 10 ^ 4- ^<^2 

— "^o^+gpj^ 



and Wo=^w^w. = tv ^ . 

' ' p\pi-pj 


Coe. These yalues of and will be only approxima- 
tions, on account of the condensation or expansion, hut would 
serve to find the true values more nearly if the law of conden- 

• w 

sation or expansion, depending upon the proportion — % were 
known. Thus let m be a given number, and 

and proceeding as before, 

P^Pi-P.l 

These formnlse apply in like manner to the mixtui'es of 
liquids. 
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Prop. 24. To explain the construction and uses of the spiriU 
level. 

The plumb-line hanging always perpendicular to the surface 
of still water, it was formerly the general means of determining 
the horizontal and veiiical clii-ections. 

The fii’st fluid -levels were Pig. 30. 

formed like iig. 30, by a tube 
bent twice at right angles, and 
filled partly with fluid, as in E 
ABC, Xow A and G being the 
fi*ee smfaces in the same level, an eye E looking from G past 
A will see the objects in the same level with them, 

Tliis method is not very accurate, and even when floats 
with sights were applied, it was only applicable to very ordinary 
pmposes. 

The spirit-level, as now ajDplied 3i. 

to astronomical and siuweying iii- 
stiTiments, is susceptible of very 
gi’eat accuracy. The essential part 
consists of a glass tube, as AB^ fig. 31, slightly curved, and 
containing spirit of wine except a bubble at a in the figure. 
The ends being closed with the blowpipe, the sj)irit and bubble 
remain the same, and the bubble only rests at the highest part. 
This instrument is more sensitive, as the tuhe is more nearly 
straight, for then a small change of inclination to the horizon 
causes the bubble to move through a larger space. 

When the tuhe, fig. 31, mounted in an appropriate brass 
tube with means of adjustment, is attached to a telescope, they 
constitute the telescopic level, which is of continual use in sur- 
veying for many purposes, as drainage, the laying out of canals, 
railways, &c. A level surface in Prop. 3, Cor, 3, is defined to 
be that in which water or any other liquid rests, and, when of 
small extent, is a horizontal plane; hut when larger, such as the 
still sui'face of a lake or the sea, it has the ciu’vature of the 
earth’s sui’face. This cmwatiu-e has to he considered and al- 
lowed for in such operations as levelling for carrying a canal over 
a country, to determine the gradients of railways, &c. 
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Prop. 25. To investigate an expression for the depression in 
levelling. 

We may consider tlie eartli as a sphere j'ig_ 30 . 

of 3956 miles radius. Let ADE represent 
in fig. 32 the level surface through A and 
E. Draw AE a horizontal line and tangent 
to the level surface at A ; also G' being the 
center, draw the secant GEE meeting the 
tangent in E, then EE is called the depres- 
sion of the point D below the horizontal 
line AE. 

By Errclid, Prop. 36, Book 3, EE{EO+ OE) = AE^-, and 
since EE is small compared with GE, we have 

BE ~ nearly. 



Now CE being 3956 miles, the formula expresses BE and 
AS in miles; therefore, bringing EE into feet, we have 

(AE miles)" x 3 x 1760 
2 X 3956 


EE in feet = - 


2 

= - (AE miles)", nearly; 

O 

or BD in inclies = 8 inches x {A B miles)^; 

or if AB is I mile, then BB is 8 inches, 

...... AB is 2 BB is 32 

AB is 3 BB is 72 

&c, &c. 

We see that the depression soon ainunnts to a large quantity 
on even the lake and canal sm-faces 'which are met with in this 
country. In actual surveys, the atmospheric refraction requires 
to he taken into account in reducing the observation s. 

Cor. If B were the place of the eye of an observer, then A 
is called t7ie offing or visible homonj and if BB is given, by the 
formula 

AB miles = /y^ BB feet. 
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If BB 6 feet, tlien AB is 3 miles; and if BD is 24 feet, 
tlien AB is 6 niilc'^, &c. If B' is a point seen from B tejond 
the offing A, we have BB'— AB+ AB'j which is found hy the 
above rule, if the depressions at B and B^ are given. 

Prop. 26. To find the mechanical advantage of Bramah's 
2n'ess. 

Bramah’s press consists essentially of a powerful forcing 
pump connected by a pipe with a strong hollow cast iron cylin- 
der, in wffiich works, water-tight, a solid cylinder or ram of the 
same material. The hydros tatical principles in effect in the 
press are, that fluids transmit pressiu’e erjually in all directions; 
and tliat the pressures, on any plane areas within them, are pro- 
portional to the areas. 

Let ABC be the lever handle of the forcing-pump, and JP the 
2 :)ower acting at A and in equilibrium on the lever with the 
reaction Q from tlic rod of the plunger acting at B, then 


PxAG= QxBC\ 

Tig, 33. 



Let DU be the plunger of the forcing-pump working water- 
tight in the cylindrical barrel of the pump, of which a and b are 
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strong metal valves opening upwards ; and let L be the cistern 
supplying the water for the press. 


Let FH represent the hollow iron cylinder in which the solid 
ram QK works water-tight. On tlie stage at upoir the head 
of the ram, let the weight W he supported. It is reijuired to 


find the relation of W and P, or the mechanical advantage 


W 


neglecting the weights of the ram, the lever, and the plunger, 
w^hich, with a counterpoise on the lever, may balance each other. 


Let r be the radius of the ram QK^ 


r* plunger 

p the unit of pressure of the Tvater, which, neglecting the 
weight of the valve 5, will he the same in the cylinders of the 
pump and the ram. Then in eq^uilibrimn 

Ty‘=2> X ttP, 

^ „ AG 

Q=j)X7rr =Px 


and dividin 


W 
S> jp 


^ BG ’ 


the mechanical advantage requhed. 


Example, let ?• = 6 inches, 


W 


^ = 36 X 4 X 10== 1440; 


3 *'=^ inch, and 


AG 

BG^ 


10; then 


a large advantage to be obtained with only small loss by 
friction hr the leather collars by which the plunger and ram arc 
kept water-tight, and thus, in respect of friction, it has a gi’eat 
advantage over the screw press. 


Examples in Hydrostatical Instruments, 

Ex. 1. A common hydi’ometer has the cylindidcal stem one 
fifth the volume of the whole instrument, and floats with the 
whole stem above the siuface in water; what is the specific 
gravity of the liquid in which it will sink to the top of the 
stem? 
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Since the weight of the fluid displaced equals the weight of 
the instrument when it floats in equilibrium, we have^p V=gp V ' ; 

77 / 

and from the formula = where ^ = 1, the specific gravity 
required is *8 

Ex. 2. Sliow that if the hydrometer of the last question he 
placed in a fluid of the specific gravity ‘9, it will float with f ths 
the length of the stem above the fluid. 

Ex. 3, The specific gravity bottle which contains 1000 
grains of water has loO grains of sand put into it, and then being 
lilted with water it weighs 90 grains more than when filled with 
water only; show tliat the specific gi-avity of the sand is 2'5. 

Ex. 4. Equal parts by weight of water and strong sul- 
phuric acid of sjDeciflc gravity 1-846 being mixed, show tliat if 
tliere had been no change of volume, the specific gravity of the 
diluted acid would have been 1*2972. 

Ex. 0 . The specific giuvity bottle being filled with the 
diluted acid of the last question, it is found to weigh 1388*4 
grains ; show that the condensation in volume has been rather 

less than one fifteenth part, being th. 

Ex, 6. A piece of a simple metal weighing 113J grains in 
air is found to lose 10 grains of weight on being weighed in 
water; what is the metal? 

Ex. 7. A crystal of barytic spar weighs in air 111 grains, 
and in water 87 ; show that the specific gravity is 4-625. 

Ex. 8. A piece of calcareous spar weighs in air 187 grains, 
and in water 117 grains ; show that the specific gravity is 2*67. 

Ex. 9. A piece of mahogany weighs in air 372 grains, a 
brass weight, hung to it to sink it, weighs 385 grains in water, 
and the two together weigh in water 302 grains ; show that the 
specific gravity of the mahogany is *817. 

Ex. 10. The specific gravity of pure gold being 19*3, and 
that of copper 8*9, show that the specific gravity of standard 
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gold, which consists in cveij 2i carats of 22 carats gold and 2 
carats copper, would be 17'o8, if there were no change of volume. 

Ex, 11, The specific gravity of standard gold being found 
by experiment to be 17T57> show that the expansion in voloine 

is rather less than one fortieth part, and is — — th. 

Ex. 12. A pehhle Aveighs in air 131 grains, in Avater SI 
grains, and in pyroxilic spirit 88*9 grains; show that the spe- 
cific gravity of the pyroxilic spirit is *842, and tliat of the pebble 
is 2-62. 

Ex. 13. Some plumber’s solder, composed of lead and tin, 
has the specific gravity 8*878 ; determine approximately the 
component parts of the solder, the specific gravity of lead being 
11*35, and that of tin being 7*29. 

Ex. 14. A Nicholson’s hydrometer requires 1003 half grains 
to sink it to the fixed mark in water ; when a piece of granite is 
put in the upper cup it requires 289 to sink it to the fixed mark, 
and when it is put in the lower cup it requires 556*4 ; shoAV that 
the specific gruAuty of the granite is 2*66. 

Ex. 15. A person standing 96 feet above the level of the 
sea observes a part of the mast of a ship beyond the offing, AA'hich 
is 24 feet above the water line ; show that the distance of the sliip 
from the obscrA^’er is 18 miles. 
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It was exj^lainerl in the Introduction how tlie fluidity of matter 
arose from the caloricj whicli ia an essential part of all bodies as 
we know them; and in j^erfcct fluids the molecular attractions 
have ceased to produce any sensible eflfect of aggTegation or ad- 
liesion. The properties of gases and vapours involve essentially 
the consideration of temperature, and can only he fully discussed 
'when the subject of heat has been studied. It is thus necessary 
to take the definition and measure of temperature as known, in 
order to discuss even the more prominent properties of clastic 
fluids. 

By temperature we mean the sensible heat which affects the 
thermometer; and the thermometer being an instrument for 
measuring temperatures, its scale of degrees is supposed to be 
constructed so as to indicate equal increase or decrease of tem- 
perature for each change of a degree by the index of the instru- 
ment. In the fluid thermometers, as the mercurial, spirit, and 
air thermometers, the index of the scale is the free surface of 
the fluid in the tube; but in those of solid materials, as Bre- 
gnet’s tliermometer, Danieirs pyrometer, &c., it is a pointer 
moving along the scale of the iustmment. In the investigation 
of the ordinary laws of elastic fluids the accuracy of the thermo- 
mctric scales of degrees may be taken for granted, “whilst the 
higher parts of the subject will involve the theory of the ther- 
mometer itself, to be afterwards discussed. 

Again, the experiments being geiierallj performed in the 
atmosphere, its fluid pressm^e is involved in the results, and has 
to be considered, together with other pressures of the experi- 
ment. We may assume that it is known from the height of the 
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barometer, of which the theory will be discassed afterwards ; and 
thus can be es])ressed in tenns of the pressure produced by a 
column of any other given fluid. 

The elastic fluids are those which rerjuire the constraint of 
vessels, or external pressures, to keep them at given volumes, 
and which expand when relieved from the reactions by which 
they are retained at any given density. The elastic force with 
which they tend to expand is measured by the pressure it pro- 
duces upon a unit of area when constant or unifoiTQ, and is con- 
nected in three primary laws with the volume and temperature 
of the elastic fluid. 

Firstly, the law of Boyle (or Mario tte) for the relation of the 
elastic force and volume, when the temperature remains constant. 

Secondly, the law of Gay Lussac for the relation of the 
volume and temperatme, lolien tlie elastic force is constant 

Thirdly, the law of Amonton, from which the relation of 
the pressm*e to the temperatui-e is found, tolien the volume 
remains constant 

These are to be considered as only approximations, applying 
with sensible accuracy in ordinary circumstances, but failing in 
extreme cases. 


Law 1. When the temperature remains comtanf the elastic 
force of o, gas is inversely proportional to the volume it occupies. 

For tlie experimental proof of the law at 34 . 

pressmes greater than the atmospheric pressme, 
let ABG represent, in fig, 34, a bent tube of 
glass which is closed at A and open at <7; then 
a portion of gas occupying the closed leg from 
A to a being separated by mercury or other 
liquid in the lower hend of the tube aBi from 
the atmospliere, if a and h are in the same 
level the liquid in aBh is in equilibrium of it- 
self, and the pressure upon the surface at a ^ 
equals that at h, or the elastic force of the gas 
in the leg Aa, and acting upon the surface at 
a, equals tlie pressure of the atmosphere acting upon the surface 
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o£ the liquid at Ij. Let the pressiu'e of the atmosphere on 
a unit of area at h be p. Let p be the density of the liquid 
used in the experiment, and li the height of the column of it 
which will produce by its weight the pressure then p=gph 
by Prop. P}. Xow if more liquid be t^oiD'ed into the tube by 
the open end C, the gas in the closed leg ‘will be found to be 
compressed into a less space. Let c and d be the free surfaces 
of the liquid in equilibrium, draw a horizontal line from c to c , 
the portion cBd -svill balance of itself, and the elastic force of 
the gas in now balances the pressure of the atmosphere on 
the surface at together with that from the column of liquid 
cd. Let 7i' be the height of d above the level cc, and the 
pressm'e from it is gpli^ The elastic force of the gas in Ag is 
now balanced by the pressiue^^', such that 

:p'=ffp7i + gp7i= gp {h + 7t') . 

Put e = the clastic force of the gas when it occupied the volume 
Pin Aa; d the elastic force when it occupies the volume F' in 
Ac\ then it is found for experiments within a very large range, 
and until a gas comes near its point of liquefaction, that 
p _ h T_ 
p'~ d~li^K V ’ 

or if p”, e\ V" were any other corresponding values of p, e, 
and V, then 

p' ^ V" ’ 

or the elastic force of the gas is inversely proportional to the 
space it occupies. 

Since the quantity of gas is the same if p', p' arc the densi- 
ties when the volumes are V' and V", we have the mass 


and 


= vy=vy, 

p' d^p^ 


or the elastic force of a gas varies directly as its density. 

Also p' = p^j and if the ratio ^ be given for any one 
case we may put k for its value ; and now omitting the distinc- 

p. H. 4 
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tive marks we hare a general cxjDression as the result of Boyle’s 
laW; 'p = Kp, 

The valne of fc will be found simply expressed further on. 
For pressures less than that of the atmo- 
sphere let BE^ fig. 35, represent a vessel 
containing liquid, and let AD represent a 
tube within it, closed at A and open at D 
and filled with the liquid. Let a portion of 
gas be passed into the tube so as to occujiiy 
the space Aa when the level of the surface 
of the fluid outside is BB\ and a the surface 
inside is in the same level; then the elastic 
force of the gas acting at a balances the 
pressure of the atmosphere on the surface 
BB\ since B^ a and B are in the same level 
plane. Let part of the exterior fluid be removed until the sur- 
face is at the level Cc C\ then the gas inside will be found to 
have expanded to a space as Ad^ and if the height cd^Ji and 
p is now the pressure at cZ, d the elastic force of the gas, p the 
density, and F' the volume, we have 

p + gph’ = gph. 

From the result of experiments it is found that as before 
p _ h e V _ 

p h — h! e V ’ 

and the law applies to pressures both greater and less than that 
of the atmosphere. 

Law 2, When the pressure upon a gas remains the sanie^ 
the increase or decrease of rolume is directly proportional to the 
increase or decrease of ike temperature respectively. 

It was discovered by Gay Lussac and Dalton at nearly the 
same time, that the gases generally increase from a volume 8 at 
the ft*eezing point of water to a volume 11 at the boiling point, 
and the expansion is uniform, under a constant pressure. 

Let a bo the expansion for each degree of the thennometer, 

the number of degrees between the freezing and boiling 
points. Then 


Fig. 35. 

A 

n 
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11 - s ... . 

c(r^= — n— =='3^3) 



The value of a depends upon the nuinher of degi'ees T upon the 
scale of the thermometer wliich is used. If T^~ 100® as on the 
centigrade scale, then « =‘ 00375 , and if 180 ® as on Fahren- 
heit’s scale, 'which is used in this countiy, then 

1 

®“8xlb0 '480' 

Let be the volume of a gas at the freezing temperature 
when f = 0, the voliinie V at above that point, then 

or the volumes form an arithmetic progression when the tem- 
peratures are in arithmetic progression; this is strictly Gay 
Lussac’s law. Dalton’s views will be found discussed in the 
chapter on Heat. The above law was found by Dulong and 
Petit to hold with considerable accuracy from nearly the solidi- 
fying temperature of mercury to the temperature of boiling 
water, the temperatures being those shown by the common, mer- 
curial thermometer. From the hoiling point of water to that of 
mercury there was a considerable deviation from the law; which 
was undoubtedly more due to tlie unequal expansion of the 
mercury in the thermometer, than to that of the gas. We shall 
be however far from justified in taking the law as strictly 
a physical law, or, indeed, as anything more than a most useful 
empirical law. 

With a better method of experimenting it was found hy 
Hudberg that 100 measures of atmospheric air exp)and to 136‘4 
or 13 6 ‘5 between the freezing and boiling points of water^ instead 
of to 137 ' 5 , as found by Gay Lussac; this gives 

4 — 2 
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wliich should he now used, 

where f are the degrees aboye 32° the freezing point, on Fah- 
renheit’s scale; and to be taken negative below that point. 

Again, with very superior methods of experimenting Eegnault 
has found that a is not exactly the same for all gases. He 
found that between the freezing and boiling points of water 

100 measures of hydrogen gas expand to 136*61 

100 carbonic acid gas 137*10 

100 snlphurona acid gas 139*03 

100 cyanogen gas 138*77 

from which the values of a for these gases must be calculated 
where great accuracy is req[nired. 


Law 3. The general relations of the pressure^ density^ and 
temjperatxire of a gas are given hy the formula ( 1 4 - 

obtained by compounding the two previous laws; and therefore 
when the volume and density are constant the pressure varies as 
(l-ha^. 

Let ^ 0 , Pqj Vq be the commencing pressure, density, and 
volume when = 0 at the fr*eezing point respectively, 

then Boyle’s law. 


Let the density change from to p\ and the volume fL*oin 
Vq to V\ when the temperature changes from the freezing point 
to f above it, and the pressiue remaining 


then 


— = 1 ^ 


by Gay Lussac’s law. 


Let again the pressure change from p^ to p, whilst the 
density changes fi-om p' to p, and the temperature remains at 
f above freezing, 


then £ = 4 -2. (1 4 - 

Po P Po^ ^ 
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or p . p (1 + af) = /cp {1 af), 

Po 

and when p or the volume is constantj 

2? a (1 + af). 

For temperatures below the freezing poiiitj f must be taken 
negative. 


On the Atmosphere. 

The atmosphere acts like 
other fluids, producing a resul- 
tant pressure on a body im- 
mersed in it, which equals the 
weight of the air displaced and 
acts vertically upwards through 
the center of gravity of the air 
displaced. It is found that 100 
cubic inches of air weigh 31 grains very nearly at the average 
heights of the barometer and thermometer, and these would be 
contained in a cube of which the edges were 4 ‘642 inches. We 
see that this buoyancy from the air may soon become of a mag- 
nitude distinctly sensible in ordinary balances and on bodies of 
moderate dimensions. 

An air-pump experiment, like fig. 36, shows this property 
of the air very evidently. A closed hollow glass globe as A 
in the figure, about 3 inches diameter, hanging from one end 
of the beam of a small balance is counteiq)oised in air by a 
metal weight B. When the instrument is placed under the 
receiver of an air-pump and the air withdrawn, it is found that 
A and B no longer balance, but that A is the heavier, which 
becomes more evident as more air is withdrawn from the 
receiver. 

Such a question as — which is the heavier, a pound of iron 
or a pound of lead? — requires it first to be stated what is 
meant by the pound weight, and whether the absolute weights 
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in a vacmim, or tlie apparent weights in air, are intended, be- 
fore an answer can be expected. 

The harometer is an insti’nment which measures the pressure 
of the atmosphere. In the simplest form it consists of a glass 
tube AB, 33 or 31 inches long, closed at the end A and open at 
B, with a cup CD, hg. 37 , to hold mercury. The tube AB 
with the end B upwards, being filled with pure inercuiy recently 
boiled to free it fr'om air and moisture, and all air-bubbles 
being removed from the inside of the tube, the end B being 
closed with the thumb it is inverted, as in fig. 37 , with the 
end B in the cup DC containing mercury, and 
then the end B being below the sm-face the 
thumb is withdrawn. It is found that the 
meremy at the top falls to some ^Joint a and 
there rests ; the height of a above b, the level 
of the surface of the mercuiy in the cup, is 
called the height of the barometric column, 
and measurCvS the pressure of the atmosphere. 

At the level of the surface b inside and outside 
the tube the meremy would be in equilibrium 
of itself, and therefore the pressm'es must be 
equal from the column a b inside the tube and 
from the atmosphere outside. The space from A to a is called 
the Torricellian vacuum because Torricelli first maintained that 
the height of the column a b was the measure of the atmospheric 
pressm*e. Pascal demonstrated that to be the true explanation 
by taking the instrument up the moirutain Puy de Dome, and 
observed that the surface a fell as the ascent was made up the 
mountain, and the portion of the atmosphere above the instru- 
ment became less. Thus one experiment settled the long con- 
troverted point of the cause of suction and the phenomena 
attributed to nature’s abhorrence of a vacuum. The height ab 
is found to be continually changing with the changing state of 
the atmosphere ; it increases, or the barometer rises, when a 
cold diy north-easterly or easterly wind succeeds a warm moist 
south-westerly or westerly wind, and the converse. This is the 
direct consequence of the lower and more dense parts of the 
atmosphere changing in density, which being connected with 


rig. 37. 
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clianges of the weather, the barometer is often called the 
weather-glass. As stated above, the barometer measiu-es the 
pressure of the atmosphere, which is the weight of the vertical 
column of air at the place of the instrument, at that time. The 
average height of the barometric column in this latitude at the 
level of the sea is 29*98 inches, or 30 inches very nearly. There 
are small diurnal oscillations of the height, connected with the 
heat derived from the sun, which causes distmbance of the 
density, and motions in the atmosj)heie. 


The barometer being applied to three different uses; first, as 
a weather-glass; secondly, as a meteorological instrument; and, 
thirdly, as a means of determining the heights of mountains 
with great accuracy ; it is constructed accordingly. The wea- 
ther-glass is generally an ornamental instrument with slight 
pretensions to accuracy, made with a bent tube like AahB^ 
frg. 38, closed at A and open at B, The sm*- 
face& of the mercmy being a and h they move 


in opposite directions, with a change of the ver- 
tical height between them. A float of glass 
resting upon the surface h in the tube, being 
suspended by a thread attached to a wheel 
with a counterpoise to it, the wheel is tamed 
round as the float rises or falls, and by means 
of an index on the face of the instimment tells 
the state of the barometric pressnie, and the 
changes which indicate generally changes of 



the weather. 


The barometers used for meteorological observations should 
be read oft with certainty to one-hundi*edth of an inch at least, 
%vhich is accomplished by a vernier applied to the scale at the 
upper part of the tube. 

The mountain-barometer requires the best workmanship, 
for under a magnifying eye-glass, by the vernier and estimation, 
it should read to one- thousandth of an inch, and he so con- 
structed as to be portable without derangement. To obtain the 
requisite accuracy, in all the better barometers now made there 
is a method of allowance for the change of the height of the 
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mercury in tlie cisteiii as well as in the tnLe. The best 
methods have the bottom of the cistern movable with a screw, 
and the level of the mercury within it is thus brought to the 
fixed standard height before an observation is made. 

Tlierc liave been other instruments invented for measuring 
the pics&nre of the atmos^Dliere which have had their chief 
advantages in portability; such as the sympiesometer of Adie, 
the aneroid barometer of Vidi, and tlie excellent manometer of 
Bourdon. For the req_uisite tables to be used -with a barometer, 
see a little treatise upon it by Mr Belville, of the Royal Obser- 
vatoiy, Grieenwich. 

The atmosphere coutoists of about four-fifths nitrogen gas, one- 
fifth oxygen gas in volumes, with about one-thousandth part its 
volume of carbonic acid gas, and aqueous vapour in very various 
but small projjortions. Sulpliurous acid gas in places wliere 
pit-coal is largely used, and considerable quantities of carbonic 
acid gas in crowded rooms, are amongst the causes of local 
variations. From tliese considerations the air at any place not 
being of uniform composition its density is not given accurately 
fi-om the pressure where great nicety is involved. The density 
is shown strictly only by the buoyancy produced by it, as in 
the experiment of fig. 36. Dr Front found sensible changes of 
density, from unkno-wn causes, afiecting the atmosphere in 1832, 
which, as he suggested, might be connected with the cause of 
Asiatic cholera, then very virulent. The Ainora borealis is 
most probably caused by vaporous matter like the vaporous 
comets, and of like composition to the meteoric stones, which, 
coming into contact with the higher regions of the atmosphere 
in its motion through the planetary spaces, is made luminous by 
the earth’s electro-magnetism, and, taking magnetic forms, be- 
comes mixed with the atmosphere, and may slightly affect its 
density. 

In simple gases the nucleus of each atom being surrounded 
by its atmosphere of caloric, electricity, &c. in equilibrium they 
must take a symmetrical or cubical aiTangement. Since the 
cube which must be attributed to each atom is of different 
magnitude in different gases, therefore on being mixed the 
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equilibrium cannot be complete until they are uniformly diffused 
tbroiigli each other. This takes place even when a light gas 
is placed over a lieavier one, differing from the property of 
liquids discussed in Prop. 14, and also with respect to mixtures 
of gases and vapours. 

Dalton expressed this property by saying that each gaa 
acted as a vacuum to the others, so that there is a tendency to 
make a uniform mixture; but the complete mingling of the 
constituents is only accomplished after some time. From the 
continual distm’bances from acting causes the atmosphere cannot 
be considered an absolutely homogeneous mixture. 

Prop. 27. To show that the density of the air decreases in 
a (jeonietrie progression for a series of heights in arithmetic 
progression. 

If wc take a vertical column of the 
atmosphere above any place as fig. 39, 
and suppose it separated from the rest of the 
atmosphere by an imaginary rigid film, and 
take the area of the perpendicular section 
of the column equal to unity, we see that 
the pressure at any points, as A, P, or P, is 
the weight of the column above those points, 
and becomes less as we ascend. At first 
we suppose the temperature of the column 
the same eveiywhere. 

Let any height AB = s, and let this be divided into a very 
great number m of pai*ts, and each equal to S, or S = 

If we take two neighbouring perpendicular sections P and 
Q distant S, and let the height 

AP = nS, AQ={n-\-l) 

and the densities at these sections and respectively, and 

Pn+i corresponding pressirres : then the difference of the 
pressures Pn—_Pn+i is the weight of the elementary volume be- 
tween the sections, and ou account of the smallness of S we 
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might take its density or Since the temperatm’e is con- 

sidered constant, Boyle’s law applies, and we have 

~ ffPn^ ^ {Pn P«+i) J 

or dividing by p„, = 1 — ^ a constant ratio. 

pn ^ 

Putting yS = 1 — ^ , if p is the density at the lowest station, 

we have the densities at the succession of heights 2S, 3S, &c. 
equal to p, ^Sp, yS"p, /5^p, &c. forming a geometric series with the 
common ratio /3. 


Prop. 28. To find an expression for the difference of the 
pressures at A and B ; and the difference of heights of two places^ 
or the height AB, xohen the difference of pressures is hnown. 


Let p be the pressure at A, fig. 39, p that at 5, then the 
difference p—p is the weight of the column between A and B, 
or equal to the sum of the weights of all the elements ; 

or p -'p — gpB (IH- ;Q + + /3’+ &c. .. . + 



by summation. 


and substituting for ^ its value 1 — ^ , we have 


p-p^gpS 


9 ^ 


or 





Taking the logarithms on each side and substituting the expan- 
sion of loge ] and ??iS = we have 
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log, = 7)1 log, ^ 


and when 5 is indefinitely small, 






-F 


Let li and It be the heights of the barometer at A and B 
h 
Ji 


respectively, then 7/ — ^ > 


and 2 = -logjT7). 


This formula requires several coiTections. First the tempera- 
tm’e of the atmosphere diminishes 1® for every 100 yards of alti- 
tude in the lower atmosphere ; secondly, the heights of the mer- 
cury in the barometer at the upper and lower stations, or li and 7^, 
require coirection for the difference of temperatures j thirdly, a 
correction is required for the moistm-e in the air ; and, fourthly, 
the force of gravity g is slightly different in different latitudes. 

As to the height to which the atmosphere reaches there 
have been widely different conclusions. From the duration of 
twilight it has been concluded that the heiglit of the atmosphere 
in these latitudes does not exceed 45 miles ; and this is the gene- 
rally received height. 

In the lower atmosphere the barometer is found to fall about 
one-tenth of an inch for every 30 yards increase of elevation, 
which may give an idea of the acciuacy with which the heights 
of mountains may be determined by properly constructed baro- 
meters. 


Prop. 29. To find the height the eartlis almosfihere would 
reach if everywhere of the same density as at the eartlis sur- 
face. 
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The pressiu-e of the atmosphere being the same on a square 
inch as that produced by a column of mercury of 30 inclies 
heigh tj if ]) be this pressure, the density of mercury, the 
density of the air at the earth’s surface, H the height of the 
atmosphere su])posed homogeneous, 

we have p —9 Pm x 30 inches = gp^H ; 

X 30 inches. 
pa 

Taking the specific gravity of mercury = 13 '6, and tliat of air 
= *0013, we have 

13*6 

ir= 2*5 — = 10461*0 X 2*r5 feet 

= 8718 yards, 

= 5 miles nearly. 

Pro I*. 30. To find the pressure of the atmosphere on a 
sqiiare inch at the eartJis surface. 

The pressiu’e of the atmosphere being measured by the baro- 
metric column, the pressure on each square inch equals the 
weight of a cylinder of mercury whose base is one square inch, 
and whose height is the height of the barometer, and it tlierefore 
is different at different times. 

Taking the mean height of the barometer to be 30 inches, 
and the specific gravity of mercury = 13*6, the pressure required 
equals the weight of 30 cubic inches of mercury, and equals 
13' 6 multiplied by 30 cubic inches of water, 

= 13'6 X 30 X ounces, 

= 236T 

= 14*7 pounds, 
or nearly 15 pounds. 

This result is frequently required to be employed where 
pressures are referred to tliat of the atmosphere. 

The Magdeburgh hemispheres are two hemispheres to which 
handles can be screwed, one being furnished with a pipe and 
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stopcock, and the two fitting air-tight^ they are exhausted by 
the air-pump, and the stopcock being then turned and the 
handles applied, it is found that great force is required to sepa- 
rate them. 

Ex. Let the area of the circular section of the hemispheres 
be 10 square inches, or the diameter 3’56 inches, nearly, the 
force at each handle must be more than 147 pounds in order to 
separate them. 

Prop. 31. To find the height of the harometric column tohen 
the liquid employed is water ; or to find the height of a vjater- 
harometer. 

Since the pressure of the atmosphere equals that produced 
by the column of water on a unit of area, let K be the height 
of the water-barometer, and the density of water = when 
the height of the mercui’ial barometer is and the density of 
mercuiy = p, also the pressure of the atmosphere on a unit of 
area = j?, 

then jp^gph — gph\ 
and = 

P 

Tf A = 30 inches, and ^ = 13*6, 

P 

then A' =2*5x13*6 feet =27*2 4- 6-8 
= 34 feet. 

This result will be required in discussing the theory of the 
siphan^ the pumps, and other instruments. 

Prop. 32. To find the height of an oil-barometer. 

This question is to be worked as the last, and if the specific 
gravity of the oil were *94, then 

13*6 

the height of the oil barometer = 2*5 X - — - feet 

‘94 

= 36*2 feet nearly. 

The results of questions analogous to the last three propo- 
sitions will be found in examples 7, 8, 9, to Chapter I. Baro- 
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meters liaye been made of water as well as oil, for the pni-posc 
of having enlarged scales of the changes of height of the 
colninus, but they have the disadvantage of requiring an allow- 
ance to be made for tlie elastic force of their vapours in the 
ToiTicellian vacuiun. The elastic force of the vapour of meicuiy 
in that of the ordinary barometer is inappieciable, although 
there is no doubt of its existence. 


On Pneu77iatic Instrviyients, 

There have been numerous different constructions of air- 
pumps invented, but two will perhaps only remain in general 
use in this coimtry; namely, the common table air-pump for 
ordinary experiments, and Newman’s simple and effective aii'- 
pump where a high degree of exhaustion is required. 

The common table air-pumps have their valves made in 
a very simple manner, by tying a strip of oiled silk or thin 
bladder, half an inch broad, over an aperture such as A in figure 
40, of the small pipe AB passing 
through* a plug of brass which screws 
into the bottom of the barrel of the 
pump for the lower valve and into the 
piston for the higher valve of the pump. 

The pressure under the oiled silk will 
cause it to rise and allow air to escape through AB from below, 
but falling upon the apertoe it prevents the air returning. 

Its lightness is of advantage in procuring a considerable 
degree of exhaustion, and it is strong enough to bear the 
pressure of the atmosphere on the small area of the pij)e; but it 
requires to be occasionally renewed to keep the instmmeiit in 
effective condition. 

Prop. 33. To explain the construction of the common double- 
acting air-pitmp. 

Let AB and GD in fig. 41 represent the cylindrical barrels 
of the pumps open to the air at B and i), and connected at A 


Fig 40. 
A 
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and C with the pipe EFCr leading to G the middle of the plate 

rig, 41. 


M 



of the air-pump HI, on which the glass receit^er as KL^ or other 
apparatus, is placed, which it is requiied to exhaust of air. 

Let a, hj c, d represent the valves opening upwards, of which 
h and d are in the air-tight pistons which aie raised and lowered 
hy the toothed rods on which the toothed wheel of the figure 
acts, as it is turned round backwards and forwards by means of 
tlxe handle M. 

Let the piston 5 e be at the bottom of the barrel, and then 
being raised the valve h closes the aperture and prevents the 
external air from entering, whilst the air in the barrel being 
rarefied, the elastic force of the air under the valve a raises it up 
and the air rushes from the receiver and pipes to fill the ban el 
AB. When the piston descends again the valve a closes and 
prevents the air in the barrel from returning to the receiver, and 
the air in the banel being compressed by the descent of the 
piston it raises the valve h and escapes outwards. The same 
takes place in the barrel GD as the piston is raised and lowered, 
and in this manner a portion of air is withdrawn from the 
receiver at each stroke of the pistons, as long as there is elastic 
force sufficient in the remaining air to raise the valves. When 
the elastic force becomes insufficient to raise the valves the 
pumps cease to act, and no further exhaustion can be obtained. 
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Tlie lightness of the valves and accurate fitting of the pistons 
axe evidently points of conscctueiice in the construction; and 
the labour of woiking the pumps is reduced by having two 
pumps acting, so that the pressures of the atmosphere on the 
pistons counterbalance each other upon the wheel and the winch 
by which it is turned. The common air-pumps are in good 
order when they will exhaust the air to jiryth part. 

Prop. 34. To explain the Gonstruction and mode of action of 
Newman's air-pump. 

Newman’s air-pump has a 
single laige cylinder as AB^ fig. 

42; it is open to the air at the 
top B^ but has a separation GD 
through which the piston-rod 
works, and with a 'metal valve h 
in its opening upwards ; and above 
the separation is a quantity of oil. 

The piston is solid as EF^ and 
has a metal valve a in it also 
opening upwards. The pipe Q 
leading to the plate of the air- 
pump is at such a distance from the bottom of the cylinder 
that the piston EF passes below it at each stroke. The piston 
being raised and lowered by means of the lever with handle 

and toothed arc acting upon the toothed rack of the piston- 
rod, when brought up to the separation GD the air above EF 
is forced through the valve h and the oil above it, and when 
moved down again the air below may raise the valve a and pass 
into the barrel, or when it becomes very rare may only fill the 
barrel when FF passes below the pipe 0\ hut the pump will 
continue to act as long as any air can be lifted through the valve 
h and the oil above it. When in good order this pump will 
exhaust the air to less than j^th part of the original air in the 
receiver* 

Prop. 35. To find ike quantity of air in the receiver after 
a given number of strobes of the piston of an air-pump. 


Fig. 42. 
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Supposing tlie valves to act perfectly, let a he tlie volume of 
the air in the receiver and pipes at commencing, h the volume of 
the barrel. Let p be the original densily of the air, 
pj the deu'^ity after the first stroke of the piston. 


p 3 second 

&c &c. 


Then since the volume a is cxjianded to the volume a+h by 
raising the piston, 

pja-hi)^p.a, or p, 

1 +- 

a 

Similarly p^(a + 6) = p,ff, or = 

and so onwards, or after the stroke wc have 



and we see that the density of the air in the receiver decreases 
in a geometric progression, but never becomes zero even if the 
valves were perfect. 

PkoP. 36, To explain the coyistruction of the siphon and 
'barometer-gauges of ike air-pump. 

The air-pump gauges are instruments 
for showing the degree of exhaustion which 
has been attained, by exhibiting the elastic 
force of the air remaining in the receiver 
through the height of the mercimal column 
which it will support. 

For the common air-pump the siphon- 
gauge is generally used, and it is made of a 
bent tube of glass like fig. 43, closed at one 
end as A and open at the other It is 
filled with mercury from A to some point a, 
and being screwed air-tight in a vertical 
position to the pipes of the air-pump, with 
P. H. 


Fig. 43. 



5 
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which its open end B is in commimication, then, when the elastic 
force of the remaining air in the receiver will not suppoii; the 
height of the column of mercmy between the levels of A and a, 
say about 2 inches, the merciuy falls from the end and as 
the exhaustion proceeds the levels of A and a come nearer and 
nearer together. If the level of the surface in the closed leg is 
only ^th. inch above that in the other, the elastic force of the 
remaining air is only xj^th that of the original quantity if the 
barometer stands at 30 inches. 

The siphon-gauge should not be depended upon in accurate 
experiments, because by usage small quantities of air will pass 
into the closed leg and may be often seen foiming a small bub- 
ble at A by means of a magnifying eye-glass. 

For accurate experiments the barometer-gauge should be 
always employed. It consists of a straight tube of glass 31 
inches or more in length, the upper end being cemented into 
a brass cap which communicates with the pipes of the air-pump 
by its open end C, fig. 44. The lower end dips 
into a cup of mercury as B in the figure. When 
the air-pump is used the internal air of the receiver 
and pipes being rarefied, the mercuiy rises from 
the cup into the tube, say to some height A, If a 
perfect vacuum could be obtained in the receiver 
tlie height AB would be the same as in the baro- 
meter, and when any degree of exhaustion is pro- 
duced we know the elastic force of the remaining 
air hy the diflference between the height AB and 
the height the mercury stands in a good baro- 
meter. 

When the difference between the height AB and the height 
of the barometer, standing at 30 inches, is sVth of an inch, then 
the air remaining in the receiver is r^th of the original 
quantity. 

Prop. 37. To explain the constritciion of the condensing 
syringe. 


Fig. 44. 
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The conclensing syringe consists of a cylin- 
drical barrel as AB^ fig. 45, in which an air-tight 
piston works by a rod firom the handle 0. The 
valves a and the former at the further end of 
the barrel and the latter in the piston, both open 
outwards, so that as the piston is forced down, the 
valve h closing, the contained air is forced through 
the valve a into a receiver screwed to the end Z), 
and is prevented returning by the valve a closing 
as the piston is drawn up again, and a fresh supply 
of air enters the barrel through the valve 5, which 
opens to admit it. 

If the syringe acts perfectly and the same quantity is forced 
into the receiver at each stroke of the piston, then the quantity 
of air ill the receiver will evidently be in an arithmetic pro- 
gression as the syringe is worked. 

If the receiver be furnished with a stop-cock, by weighing it 
when filled with condensed air, and measuring the air which 
escapes on the stop-cock being opened, and then weighing the re- 
ceiver again, we obtain the weight of the air which had escaped. 

The weight of a given volume of gas is also obtained by 
having a spherical receiver filled with the gas of which the weight 
is known, then exliaiLSting with the air-pump and weighing 
again. In experiments to determine the weight of hydrogen gas 
many precautions are necessary on accoiuit of its great lightness. 

The condenser or pump, and the receiver, of the air-gun are 
now made differently to the above. The pump has a soHd 
metal plug-piston, which requires only oil to keep it air-tight in 
the barrel, and neither the barrel nor piston have any valve in 
them, the fresh supply of air entering the barrel through a hole 
in its side near the end when the piston is drawn back. The 
receiver has a strong metal valve to prevent the air which is 
forced into it from escaping. When the air-gun is used the 
charged receiver is screwed to it, and a strong bent steel spring 
being let off by the trigger it forces a steel pin against the valve 
of the receiver, so as to open it and allow a part of the con- 
densed air to escape, and so to drive the charge from the barrel. 

5—2 
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Prop, 38, To explain the construction and ^aode of action of 
the siphon. 

The siphon however varied in form consists essentially of a 
bent tube of glass or metal, and its use is to remove a lif[iiid 
from one vessel to another. 

Let aCh, fig. 46, be the bent tube or siphon, AB tlie surface 
of the liquid in tlic vessel, Then the 
siphon being in the first place filled 
with the liquid, and the ends a and h 
kept closed, until it is put into the 
position of the figure, if we draw a 
horizontal line ABd and the height of 
the highest point G above it is less 
than the height of a barometer formed 
of that liquid, then the fluid will not 
break at (7, but the portions on each 
side of the highest point to the horizontal line ABd will balance 
each other. The liquid in the tube from d to h will be however 
unbalanced, and will by its weight flow out of the tube, and 
since there will be no break at the highest point, the pressure of 
the atmosphere, which is nearly equal at tlie surface AB and the 
orifice S, will cause an equal quantity to enter the tube to that 
which flows out, and thus the tube being always kept full the 
flow will continue until the surface AB descends below the 
level of either a or ?>, in either of which cases the flow will 
cease. 

It is clear that the limits of the height on the average of 
a siphon for mercury cannot exceed 30 inches, nor of one for 
water, 34 feet; but for alcoholic spirit might be higher accord- 
ing to its specific gravity. No siphon of course can act in 
a vacuum, the pressure of the air or other elastic fluid being 
necessary in order to keep the tube filled with liquid. 

The experiment called Tantalus’ cup is a vessel containing 
a siphon, of which one end opens into the vessel near the bottom, 
and the other end passing through the bottom of the vessel 
opens below. When filled above the bend of the siphon the 
liquid flows out again and the vessel empties by the action of 
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the f^iphon. Ticles-wells, or reciprocating springs, are caused by 
natural siphons in the rocks connecting the Tvell and its source 
of supply; the flow ceasing when the siphon has drained the 
source of supply and recommencing when the water rises again 
above the bend of the siphon. 


In the different kinds of pumps for raising water or other 
liquids, the pressure of the atmosphere acts to keep the barrel 
filled with liquid from the well or reservoir as they are ordinarily 
constructed. The suction-pump is one which depends chiefly 
for its mode of action on the pressure of the atmosphere. The 
lifting pump is one which acts chiefly by Kfting a column of 
water. And the forcing pump acts chiefly by forcing upwards 
a quantity of water. 

Prop. 39, To the construction and mode of action of 

the siiction-p^fiajp^ 

In flgui’e 47 let AB represent the barrel of the suction-pump, 
G the opening of its pipe below the sur- 
face of the water in the well or cistern, 

JD the spout or exit-pipe, and EF the 
lever by which the piston or bucket of 
the pump is raised and lowered. Let a 
be the valve at the bottom of the barrel 
opening upwards, and b a like valve in 
the piston. On the piston being worked 
up and down, it will if air-tight first ex- 
haust the air from the barrel and pipe 
leading to tlie cistern, in Kke manner to 
the air-pump, and the pressure of the 
atmosphere upon the purfiice of the water 
ill tbe cistern will cause it to rise up the 
pipe into tlie barrel, provided it be not more than about 34 feet, 
on the average, above the water in the cistern. When the water 
enters the barrel its return is prevented by the valve a falling 
and closing the opening, and as the piston descends into the 


Fig. 47. 
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water tte Yalve h opens to allow it to pass above tbe piston ; 
then on the ascent of the piston the water is lifted in the ban'el 
and finally flows out by the pipe D ; a fresh supply filling the 
barrel from the pressure of the atmosphere upon the surface in 
the cistern. 

Prop. 40. To explain the construction and mode of action 
of the lifting pump . 

Let AT be the leyel of the surface of the water 40, 

in the well or cistern, QD the cylindrical barrel 
of the pump, having a pipe descending below the 
surface AB^ as in fig. 48. Let a be the valve at 
the bottom of tlie barrel, h that in the piston, and 
c another in the exit-pipe, all opening upwards. 

The top of the ban-el being closed, the piston-rod 
BF works through a water-tight stufdng box d. 

The pump with its valves and piston acts as in 
the cases before described; the water passing up 
the exit-pipe QH is prevented from returning by 
the yalve c falling and closing the aj^erture, and 
the water may thus be lifted to any height when 
a sufficient force is apj)lLed to the piston-rod 
FF 

Prop. 41. To explain the construction and mode of action 
of the forcing pump. 

The banel of the forcing pump is open at the top, with a 
pipe descending below the surface AB of the water 
in the cistern, as in fig. 49. It has two valves 
a and h opening upwards, and an exit-pipe CD. 

The piston F is solid, without a valve, being 
raised and lowered by the piston-rod FF. The 
air is forced from the ban-el on the descent of the 
piston through the valve 5, and then the ban-el 
being exhausted on the ascent of the piston, the 
pressm-e of the atmosphere on the surface AB wiU 
cause the water to rise in the pipe and barrel to 
some height, not exceeding about 34 feet; and 
being prevented returning fcom the barrel by the 
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valve a falling and closing the apertoe, then on the descent 
of the piston again it is forced through the exit-pipe OD^ and 
prevented retui’ning by the valve 6 closing the aperture. 

By this pump water may be forced to any elevation when 
sufficient force can be applied. 

Prop. 42. To explain the construction and mode of action 
of the common fire-engine. 

The fire-engine consists of two forcing pumps and an air- 
vessel to maintain a continuous jet of water from the nozle of 
the exit-pipe. 

Let AB be the surface in fig. 50 of the water in the cistern, 
from which the pirmps are supplied ; GD and EF the barrels of 

Fig. 50, 



the forcing pumps, the pistons of which are worked by the lever 
OE. Let a, c, d be the valves of the forcing pumps, of which 
5 and d open into the aii’-vessel K, Then the exit-pipe coming 
to near the bottom of the air-vessel, when the pumps are work- 
ing the contained ah becomes compressed, and the water as in 
the figure occupies a considerable part of the vessel, and thus 
the elastic force of the compressed air acting upon the water 
produces the air-sjoring^ which maintains a continuous jet of 
water from the nozle L of the pipe. 
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If the pumps communicate hy a rigid pipe with the source of 
water supply they will draw up by the pressure of the atmo- 
sphere, as other j)rimp 3 do, the water they require ; hut if con- 
nected only by a flexible pipe there must be a pressure of the 
water supplied to keep the pipe distended, and to cause the 
water to flow along it, from either another engine or fcom a 
higher level or head of water. 

There have been many forms of machines invented for 
raising water and called pumps, which are more properly dis- 
cussed in treatises on practical mechanics than in hydrostatics, 
such as the centiifugal pump and the chain-pumps, but Ar- 
chimedes’ screw may properly find a place amongst the ordinary 
pumps. 

Puop. 43. To exj)laiii the construction and mode of action 
of Arcldmedes^ screw, 

Archimedes^ screw consists of 
a pipe wi’apped in a spiral 
round a cylinder, as in fig. 51, 
and the axis of the cylinder is 
inclined to the horizon. Let 
A3 be the surface of the water 
in the cistern, a the lower oj)en B 
end of the pipe, whicli on the 
cylinder being taned round 
passes into the water, which then fills the lower part of the pipe. 
On the end a being turned to the place the water will have 
moved to the lowest part of the cylinder, but will have reached 
a higher part of the pipe, and on the cylinder being continuously 
turned in the right direction, the water will ascend and finally 
flow from the upper open end c. In this manner Archimedes’ 
screw raises water fi-om a lower to a higher level without the 
friction of the pistons of other pumps and without valves, hut 
the quantity raised is not large compared with the size of the 
machine. There is evidently a limit to the inclination of the 
cylinder to the horizon compared with the inclination of the 
pipe to the axis of the cylinder, in order that the parts of 
the pipe at the lower side of the cylinder in any part of a revo- 


Fig. 51. 
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lution may be lower than those on each side of them on the 
upper side of it, 

Pnop. 44. To explain the principle of the pneumatic trough 
and diving-hell. 

Let ABGD be a vessel in fig. 52, 
containing a liquid, of which the sur- 
face is AB, If a vessel as EF or GH ^ 

open at one end and closed at the g 

other be filled with the liquid, and r 

the closed end be turned upwards, it c ^ 

may be brought above the surface, 

and the vessel will remain filled with ^ 

the liquid, provided its length is not 

more than the barometric column for that liquid, arising from 
the pressure of the atmosphere. A vessel of glass, for instance, 
as GH^ may be placed with its open end G upon a shelf of the 
trough GK below the surface AB^ and remain full of the liquid. 
If air or any gas be now forced under the open end at G it will 
rise through the liquid, and occupy the upper part of the vessel, 
as for instance from E to ah. If the vessel is gi^aduatecl, the 
volume of the gas at the atmospheric pressure is known by 
bringing the surfaces of the liquid inside and outside the vessel 
GH to the same level, and reading off the graduation at the 
level. K the surface inside as ah is higher than AB^ the con- 
tained gas is subjected to less than atmospheric pressure, and if 
at cd in the vessel EF it is below AB^ it is subjected to gi-eater 
than atmospheric pressui-e. The volumes Hal and Fed can be 
calculated by Boyle’s law, when the volume at the atmospheric 
pressure and the heights of a 5 and cd above and below AB are 
given, together with the density of the liquid. 

If the vessel EF or GH filled with air or gas were immersed 
dhectly in the liquid with the closed end upwards, we should 
find the volume, the air or gas, occupied by Boyle’s Law when 
the depth of immersion was known, and would then repre- 
sent the case of the diving-bell. 

It is easy to see that gases may be kept in vessels within 
troughs of liquids which do not absorb them or on which they 


Fig. 52 . 

H 


3 


5 

c 

E 

r 




cz: 



74 


ON ELASTIC OR AERIFORM FLUIDS. 


do not act, and may be measmed with accm*acy, mixed in given 
proportions, and the results of such mixtures examined. 


Prop. 45. When a dwing^-hell is of a prismatic or cylin- 
drical form, to find the part of the hell which will he free from 
water when sunk to a given depths and no fresh supply of air 
has been admitted. 


Let AB be the surface of tlie water in 
fig, 53, QB the diving-bell, and A G the ^3. 

deptli of Cy the top of the bell below AB -y — 

equal to h feet. Let OB the height of the 
axis of the bell in feet = a, and C3£ = x the 
part of the axis which is vertical, above the 
water in the bell at IL If V is the whole 
volume of the bell, V' the volume the air 
occupies at the depth AM — •+• aj, then if we 
take the atmospheric pressure equal to that firom a column of 
34 feet of water, we have by Boyle’s law, whatever be the form 
of the beU, 



- ^ 


M 

^ - 






34 

V 34 "f A + a; * 


V' X 

When the bell is cylindrical or prismatic y: = - , and we have 


the quadratic equation 


a; (34 H- A + a;) = 34a 


to determine x in feet. 


Prop. 46. If two gases which do not act chemically upon 
each other are mixed in a vessel in the pneumatic trough, to 
shoio that the product of the elastic force multiplied into the whole 
volume of the mixture equals the sum of ike products of the elastic 
forces into the volumes of the components. 

The gases having formed a complete mixtme, let p, e, V be 
the density, elastic force, and volume of the mixture ; p , e\ V' 
those for one of the components, p 7'' those for the other. 
Then since tne mass is constant, we have 
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and “by Boyle’s law the elastic force is proportional to the 
density ; 

Cor. The same may be continued to any mimber of gases ^ or 

eF=S(e'F0. 


Exaraples in Pneumatics, 

Ex. 1. A cylindrical tube closed at one end, and 20 inches 
long, with its perpendicular section one s(juare inch, has an 
air-tight piston at the open end. When the barometer stands at 
30 inches and the specific gravity of merciuy is 13 '6, shew that 
a force of 26*2 ounces must be applied at the piston to force it 
down 2 inches into the tube, and that a force of 22 J pounds 
must be apj^lied to force it to 8 inches from the closed end. 

By Boyle’s law we have ~ , therefore d—e^e 

= the pressure to be applied to change the volume firom Fto F\ 
Applying the result of Prop. 30 to the first case, we have 


c -e = 236*l 

ool o 

! 

J 

) ounces = 26'23 ounces. 

In the second case 




e'- 5 = 236-1 ( 

(20 


ounces = 22‘IS pounds. 


Ex. 2. If the tube in the last question had been 30 inches 
long, shew that the results would have been respectively 16*86 
ounces and 40*57 pounds. 

Ex. 3. If an air-bubble, which is a sphere of y^th inch 
diameter at a depth of 102 feet in water, ascends to a depth of 
68 feet, show that its diameter is then ^^th inch, and when it 

ascends to a depth of 34 feet its diameter is th inch. 

79'4 
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Ex, 4. If tlie volume of a gas is 100 cubic Indies at tbe 
temperature 60*^ Falirenlicitj v^liat mil be its volume under tlie 
same pressure at 16^ below the zero of Fahrenheit’s scale? 

If Vq be the volume at the freezing point. 


V 60^ temperatiue, 

V‘ -16° 

theu F=F„(l + aO = F„(l+^), 


F'=r„(l-«n = F„(l-^^^); 

V' I — 

and since by cliAuding -y = ^ , 

OOQ 

V' = V —7 = 85*44 cubic inches, 
2ol 

since F= 100 cubic inches. 


Ex. 5. If the density of the atmospheric air is called unity 
at the freezing point, what is its density at the boiling point of 
water ? 


p V 

Since generally ^ = ^7, also 100 measiues of air at the 

freezing point become 136*4 at the boiling point; therefore if 
p = 1, then p at the boiling point is 


Ex, 6. If the volume of a gas is 100 cubic inches at the 
freezing point of water when the barometer stands at 30 inches, 
what will be the volume when the barometer stands at 29 inches 
and the thermometer at 50° ? 

By Amonton’s law p = /cp (1 + af), jp ^ ^9 (1 + 5 

9 ^ ^ V \ 

‘‘‘ 


To find F', let 7= 100 cubic inches, ^ ^ f = 0, = 18", 

^ -aj 

cc= ~ , then F' = 107*21 cubic inches, 

494 
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Ex. 7. A tube wliicli is cylindrical and 40 inches long, ^th 
one end clo?^ed, has mercmy poi-U'ecl into it to fill 30 inches of 
its length, then the open end being covered with the thumb, it is 
inverted with the covered end below the surface of mercury in 
a cup, and the thumb is withdrawn : required the height the 
mercury stands in the tube, the height of the barometer being 
30 inches. 

Let X be the height tlie mercury stands in the tube in inches, 
then 40 — x is the height occupied by the air. The barometric 
column was 30 inches when the voliune of the air occupied 
10 inches of the tube, and when inverted the pressure is that 
from 30 — £c inches of mercury upon the contained air. There* 

fore since ^ by Boyle’s law, we have 

40 - a; 30 
10 ' 

wdiich gives cc = 16*973 inches. 

Ex. 8. A cylindrical tube closed at one end has an air-tight 
piston at 14 inches from the end, and it requires a force of 
13-J pounds to draw the piston to IS inches from the end when 
the pressui’e of the atmosphere is 15 pounds upon the sqnai-e 
inch ; show that the area of the surface of the piston is 4 square 
inches. 

Ex. 9. If the receiver of an air-gun has a volume five times 
that of the barrel of the pump, show that if the jpuuip acted 
perfectly it would require forty-five strokes of the piston to 
charge the receiver to ten atmospheres. 

Ex. 10, Shew that in a mine upon a mountain where tlxe 
barometer stands at 26 inches of mercury, the height of the 
lower valve of a pump cannot be more than SSijfeet above the 
water in the mine. 



CHAPTER IV. 


ON HEAT, 

In the introductory chapter it was stated, that caloric, as the 
cause of heat, was an essential part of all bodies as we meet with 
them ; and that changes of the state of dense matter accompany 
changes of the amount of caloric \vhich it contains. Sometimes 
the change is from a solid to a liquid form, or from either to a 
vaporous form^ and the converse; hut generally, though not 
universally, increase of the caloric of a body is attended by an 
increase of its bulk, whether it is solid, liquid, or gaseous. The 
exceptions occur in liquids coming near their temperatures of 
solidification, as water and some metals, which expand again as 
they cool before they become solid. Crystals are found to ex- 
pand unequally in different directions on being heated. 

It was discovered by Hr. Black that heat disappeared on the 
change of matter from the solid to the liquid, or fi:om the liquid 
to the vaporous state, and he called the heat which had disap- 
peared, latent JieaL Thus it requires a large quantity of heat to 
convert ice at the freezing temperature into water at the freezing 
temperature, and also to convert water at the boiling temperature 
into steam at th6 boiling temperature. It is in this respect that 
the protoxide of hydrogen becomes ice, water, or steam, accord- 
ing to the quantity of caloric it possesses, and which is essential 
to each state. What would be the state of dense matter without 
caloric we cannot tell ; but, reasoning from analogy, we imagine 
that bodies would be exceedingly small compared with their 
bulks as we meet ^vith them, and of a hardness compared with 
which that of diamond is softness. The theory of latent heat 
must be considered in conjunction with the known fact that it 
will leave the body on the temperature diminishing to a certain 
amount, as when water turns into ice at temperatures below the 
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freezing point, and has then given out its latent heat of liquidity, 
and in other like cases. In this way if we call the latent heat 
combined caloric, we must understand the combination of caloric 
and dense matter as essentially of a different nature to that of an 
acid and a base, which produce a salt with properties of its own 
differing from those of its components. We have no evidence to 
conclude that caloric forms definite compounds with dense mat- 
ter, although it may do so, and give to it peculiar properties in 
cases which are at present beyond om: means of research. That 
it is held by affinity for dense matter in bodies we cannot doubt, 
but from its atoms being highly repulsive of each other, it leaves 
such dense matter, unless restrained by the opposite repulsion of 
other caloric. We shall see fuilher on that this repulsion must 
be considered in connexion with the radiation and the tempera-' 
tuxe of the body. 

By the tempera tine or heat of a body we mean tliat degree 
of heat which affects the senses, and which is shown by the 
thermometer or pyrometer; the degree of heat being measured 
by the bulk, or relative bulks, of some bodies of which the in- 
strument is made. In the common mercurial thermometer, the 
mercury in the bulb and stem expanding and contracting much 
more than the glass in which it is contained, fi'om an increase or 
diminution of heat respectively, the change of temperature is 
shown by the portion of the tube in the stem which is filled 
with the mercury. By experiments we find easily that the equal 
changes of temperature produce equal or nearly equal changes in 
the height of the mercury in the thermometer, and hence we re- 
ceive it as an instrument for measuring the temperatiu’es within 
its range. For all ordinary piuposes a well constiuicted mer- 
cui-ial thermometer gives correct indications of the temperatures 
of its scale, and its degrees show equal changes of temperature 
at different parts of the scale for such uses. The thermometers 
made with spirit of wine in glass, and those made with air in 
glass, however, show some small but sensible differences from 
the mercurial thermometer, and it becomes a question of some 
importance to find an accurate thermometidc scale of degrees 
which shall indicate equal increase of temperature by the equal 
increase of degi'ees on the scale. The gases are found to ex- 
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pand more uniformly than liquids and solids; and when these 
latter are tested hy the air-thermometer, tliey are found to ex- 
pand more at the higher temperatures than at the lower ones for 
equal increase of tempera tuie; and hence tlie mercurial and spirit- 
thermometers are not rig'idly accurate iubtruments, if graduated 
upon the supposition of uniform expansion of the mercury or 
spirit. 

If the expansion of the gases is to he tested, we need an ab- 
solutely correct scale for comparison vdih them, and this is not 
to he found. We have, hoAvever, the alternative of comparing 
them with each other, as, for instance, by forming two air-ther- 
mometers, one with a gas which lias never been liquefied by cold 
and pressure, and the other with one which is easily reducible to 
the liquid state. If the latter showed a divergence from uniform 
expansion, as compared with the former, we might take the 
result as applying to others in like circumstances. 

Eegnanlt, by weighing the volumes of the gases contained in 
known glass spheres, found the result given at the beginning of 
Chapter II_ The formula of Gay Lussac’s law for the volumes 
of the gases at different temperatures being as in Chapter II. 

T'^(l ± where is the volume at the freezing point of 
water, and V the volume at above or below that point, the 
values of V will evidently form an arithmetic series for equal 
increments and decrements of temperature. We have V= 0 when 

= now taking atraospheiic air, then when 

= — 462®, we have V= 0, or the gas has become annihilated in 
volume, and therefore in existence, whatever the pressure might 
be. We should call this the absolute zero of the thermometric 
scale; its distance, however, below the freezing point of water 
would be different for the different gases, since a is different for 
each of them; and we must conclude that Gay Lussac’s law is 
only an approximation sufficient for use within moderate limits 
of temperature. 

Dalton considered the volumes of the gases to form a geo- 
metric series for temperatures in an arithmetic series, and such a 
series will differ very slightly from an arithmetic one, when the 
common ratio differs only slightly from unity. Let V he the 
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voltime at any temperatiu’e, 8V the increase of voliune for 1° 

8V 

increase of temperatoe ; then, according to Dalton’s view, = 

constant. Putting this expression into a differential form and 
integi’ating, we find F= where a is the constant, and e is 

the base of the Napierian logarithms. Expanding the expo- 
nential we have 


r=: 





a\r^ 

1.2 


1.2.3 



Let f = 1”, and then 

F— F 1 . 

and for air — = a, since wc may neglect the higher 

powers of a. For moderate ranges of the scale near the freezing 
point of water, the foi*mula becomes 

F= Fq(1 -^af) nearly, 

or agrees nearly with Gay Lussac’s ; bnt it leads to wide differ- 
ences for extreme cases, and does not involve the absurdity of 
the air becoming of volume zeio at 494 degrees below the 
freezing point of water; of which the connexion with nitrogen 
and other gases is inconceivable. 

If we take the expression F= when ^'’=0, we have 
F = T'^; and when f is negative F= which is less than 

but only becomes zero when is minus infinity. It appears 
that we may take any point for starting point; for if were the 
temperatiu-e when the volume is F, then F' = ]^6“^%' let 
theu of the same form as the ori- 

ginal one; and thus we avoid the absindity of the gas vanishing 
at a particular temperature depending upon the value of a for 
that gas and the freezing point of water. 

The formula F= F^e^ would give a greater degree of ex- 
pansion at the higher temperatures, as seen in the series of the 
expansion ; for the terms involving the higher powers of f will 
then have sensible values. 


V. H. 


6 
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The gases are evidently the vapours of solids or liquids 
wliich have great afSnities for caloric, and far removed from 
their dew-points^ or the temperatures where they would become 
liquids exhibited in dew. 

It is probable that liquids may have their volumes expressed 
with a like law, showing greater expansion at higher tempera- 
tures; but if they crystallize, or their atoms take peculiar ar- 
rangements with regard to each other when they become solid, 
then there will be an additional teiun in the expression, as on 
approaching the solid state and losing their liquidity, their atoms 
commencing peculiar arrangements, the volume may increase for 
diminishing temperatures from the temperature of maximum 
density. Water is found to bo at the greatest density at 7®‘l 
above freezing, or at 39° ‘1 Fahrenheit. A strict formula for 
liquids must evidently involve this consideration, and also a 
term for the value of their attraction of aggregation. 

Though we may not know the ahsolute quantities of caloric 
in bodies, yet we have the means of finding the relative quanti- 
ties which they give out and absorb in passing through given 
temperatures; these will be found discussed under ^specific heats/ 
and it is presumed that the quantities of caloric which they con- 
tain are represented relatively by the same numbers which repre- 
sent their specific heats. This supposes that the specific heats, 
or capacities for caloric, are constant at all temperatures, which 
there is great reason to doubt. 

As the volume of a body depends, when free, upon the tem- 
perature and quantity of caloric which it contains, we have the 
reciprocal result of a change of these when we forcibly change 
the volume of it. It is a well-known fact that iron when briskly 
hammered becomes red hot; but when once hammered and 
condensed in bulk, it does not exhibit tbe same result on being 
hammered again, unless it has been brought to its original state 
by annealing in the fire. Other metals also show like results ; 
the drawing of wire and the rolling of plates of metal produce 
heat. Other bodies generally become heated on being com- 
pressed, but iron affords the advantage of large specific heat, 
and strong tenacity to bear tbe blows of the hammer. The 
gases give out heat on being greatly compressed, and in the fire- 
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syringe it is sufiBcient to fire tinder. We here meet with con- 
siderations of the defective elasticity of bodies, which was dis- 
covered by Professor Eaton Hodgkinson to be a general property 
of solids ; that is, they never recover imnaediately and jperfectly 
their original form after a strain, however small ; and he considers 
liquids and gases to be also subject to the same law, hut in a 
much le'^s degi’ee. If the hammered iron, in the above-men- 
tioned experiment, had recovered its original form by virtue of 
its elasticity, after each blow of the hammer, we can have no 
doubt it would never have become heated- The minute sparks 
of red-hot steel, stnick by a flint from steel, occur in the same 
way; but experiments have been tried where the condensation 
was only temporary, yet heat was given out to the condensing 
body, without sensible change of structure in either body. Thus 
a smooth metal disc rotating, with a piece of smooth metal 
pressing upon it, the latter becomes heated without any sensible 
abrasion from either surface. In this case the pressure produces 
a slight compression of the disc, and the rubbing body becomes 
heated by each successive part of the disc, which recovers its 
lost heat during the remainder of the revolution. There has 
been no case brought forward where condensation may not have 
produced the heat which is witnessed, like that of the hammered 
iron, which is the normal experiment. 

We conclude that the temperature of a body, its capacity for 
caloricj and the amount of caloric in it, are connected together. 
If the amount of caloric remains the same, the temperatme of a 
body ia increased when its capacity for caloric is diminished, and 
the converse. 

The caloric may pass from one body to another in two dif- 
ferent ways ; fiist, by radiation^ that is, by rays of heat (such as 
the rays of light from a shining body) coming from one body to 
another ; secondly, by conduction^ when the heat passes from one 
body to another in contact with it, or from one particle to a 
neighbouiing one of the same body. 

The laws of radiant heat are foimd to be the same as those of 
light; that is, it is reflected, refracted and polarised, according 
to the same laws. These are easily shown with regard to the 
heat accompanying the light of the sun, but require more care in 

6 — 2 
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their demonstration for the heat of a common fire, and of non- 
Itunhions bodies. 

With regard to the conduction of heat, it is very different 
for different bodies ; and the metals have been shown to conduct 
heat in the same order in which they conduct electricity. 

That the radiant light and heat from the sun are reflected 
and refracted according to the same laws, is shown by the focus 
of a concave mirror held in the sun’s light being the same for 
the heat as for the light, or they are reflected alike ; and when 
a convex lens is held in the sun’s light, the focus of the heat is 
at the same point or very near it, as that of the light, or they are 
refracted by the glass in a like manner. That the radiant heat 
of the sun may be polarized and doubly refracted can be shown 
by similar experiments to those used for light, but with delicate 
thermometers in place of the eye, to ascertain the state of polariza- 
tion or double refraction of the beam of heat. These facts show 
that radiant light and radiant heat must be of the same nature, 
and that radiant heat comes from the sun in about 8 minutes and 
13 seconds, and moves with the velocity of 192,500 miles per 
second, in like manner with light. 

In order to show that dark heat, or that wliicli radiates from 
hot bodies unaccompanied by light, follows the same laws as 
that which accompanies light, we requii'e sensitive methods of 
measni'ing temperatures, such as the differential and air-thei mo- 
meters, and the thermo-electric multiplier of Nobili. The foirner 
instruments are sufficient to prove the laws of the reflexio]r and 
refraction of dark heat to be identical with those of light ; and 
by means of the thermo-multiplier Professor Forbes and M. Mel- 
lon! have proved its polarization and double re&action. 

As the light from the sun consists of all the colours of the 
solar spectrum with their different degrees of refi'angibility, so 
the heat which accompanies it has different degrees of refran- 
gibility, but it passes through a plate of transpai’ent glass equally 
with the light, which is sliowui by the binning glass. The heat, 
however, from a fiirnace or vessel of hot water, or firom a ball of 
metal heated below redness, passes only in a very small degree 
through a plate of glass, and the glass becomes heated. This is 
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an eftect similar to wliat we see with coloured glasses, which 
transmit some colom's of light, and absorb the others. Rock- 
salt or chloride of sodium is found to ti^ausmit all kinds of radi- 
ant lie at and light er|ually, or it has nearly perfect diathermancy 
as well as transparency. From this property prisms and lenses 
of rock-salt are important pieces of apparatus in the experi- 
ments upon dark heat. 

AVhen a thermometer is placed near a cold body it is found 
to fall, or there appears a radiation of cold rays. This arises 
from the thermometer giving off more radiant heat than it re- 
ceives in return, and so becomes cooled. We must consider 
bodies to be always giving off radiant heat, and receiving it also 
from other bodies. If they receive more than they give off their 
temperature rises, and if less it falls, and if they receive heat 
e<'|ual to what they lose their temperature is stationary. 

The conducting powers of bodies for heat can be compared 
by taking equal rods of them, inserting one end in a vessel in 
which water can be kept boiling, as at fig. 54, and at the 
other end attaching halls with soft wax, or 
putting pieces of phosphorus at equal dis- 
tances on the rods. Then the time occu- 
pied by the heat in passing from the hot 
water to the wax or pliosphonts, so as to 
melt the one or inflame the other, shows 
the relative conducting powers of the rods. 

The results for the conducting powers of 
the metals show that for silver it is far the best, then for copper, 
then for many intermediate metals ; and then in iron and platina 
it is small comparatively to silver. 

The liquids have been found to have veiy little, if any, con- 
ducting power for heat; for if heat be applied above still water 
or other liquid containing a thermometer, that instmment is so 
slightly affected that the result may be due to radiation. If, 
however, hot water is poured down a pipe so as to pass into cold 
water, the two mix, because the hot water is specifically lighter, 
and thus communicates its heat to the cold water by what is 
called the convection of heat. A hot body in the air cools by 
both radiation and convection. 
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On Theinnometers* 

In the uses of thermometers, which are very various, the 
instrument should be constructed according to the puri^ose to 
which it is to be applied. Thus, for meteorology, the scale 
should extend to the utmost limits of heat and cold which may 
be experienced in the climate of the place of observation; in 
other instruments, the accurate graduation about the temperature 
of hoiHng water may be most desirable ; whilst in others, again, 
the most complete range of the scale may be needed. The best 
thermometers are supposed to accord with a carefully prepared 
standard thermometer, and to he graduated hy comparison with 
such an instniment. 


Prof. 47. To explain the construction of a standard mer- 
curial tliermcyjineter. 


A tube of glass of proper lengtli and bore being found, the 
first thing is to determine its cali- 55 

ber in different parts of the bore, t — ^ 

which IS done as follows : pass some — « ■ ~i ~ ~ 

mercury into the tube as AB^ fig. 65, 

to occupy some convenient space as db^ which should he noted; 
then force the mercury forward until it occupies another portion 
as 5c, then C£?, Jc, &c. ; which being all registered, when the in- 
strument is graduated these spaces must each contain the same 
number of degrees, since they are of equal volumes. 


The end of the tube being melted with the 
blowpipe, a bulb as A, fig, 56, is blown upon it, 
and often drawn into a phial shape to procure 
sensitiveness. The sMll of the artist enables him 
to regulate the capacity of the bulb to that of the 
tube, so that the required range of scale may he 
obtained. The bulb and tube are then filled with 
mercury, which requires some dexterity of mani- 
pulation, in order that no particle of air may re- 
main in the hulh. Then the hulh being heated up 
to the highest temperature for which it is required 


Fig. 50. 





ON HEAT. 


87 


bejond the boiling point of water, the merciuy filling the tube, 
the end c is closed by melting with the blowpipe, and often 
finished by bending, as in the figure, or formed with an indented 
ring round it. 

The graduation is obtained by immersing the ball and stem 
in melting snow, noting the height of the mercury in the stem, 
say at F in the iigui'e, called the freezing point ; then placing 
them in the steam of boiling water when the barometer stands 
at 30 inches, as the average height at the level of the sea; let 
B be the place the mercmy reaches to, which is called the boil- 
ing point. It is finally required to divide the interval FB into 
the number of degrees between the fi'eezing and boiling points, 
allowing for the varying caliber of the tube ; and the expansion 
of the mercury compared with that of the glass being con- 
sidered uniform. 

Fahrenheit considered that the mixture of snow and common 
salt produced the greatest degree of cold to be obtained, and 
marked that temperature the zero of his scale. 

In Fahrenheit’s scale the freezing point is marked 32°, and 
the boiling point 212°. 

In Celsius’s, or the centigi*ade scale, the fi’eezing point is 
marked 0°, and the boiling point 100°. 

In Eeaumm’s, the freezing point ia marked 0°, and the boiling 
point 80°. 

From the ascertained graduation between jPand B the scale 
is continued above and below those points. In the best standard 
thermometers the degrees are etched upon the glass stem by 
fluoric acid. The thennometers filled with coloured spirit of 
wine cannot be employed at temperatures above that at which 
the spirit boils, but they have the advantage of showing the 
temperatures below the point when mercury congeals, as pure 
alcohol has never yet been solidified. They are graduated by 
comparing them with a standard mercurial thermometer, like 
the meteorological thermometers. 

Peop. 48, To investigate formulce for comparing the corre- 
sponding degrees in Fahrenheit Gelsius^^ and BeawtniiFs tJier- 
nionieters^ 
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In figure 56, let ^ be the height the mercury stands in the 
stem at any time, F the freezing point, and B the boiling point. 
Let F^ be the degrees on Fahrenheit’s scale for the point J?, 
those on the centigTade scale, and JF those on E,eaunnu'’s scale. 
Then we have the following ratios : 

spaced® 380" 100 SO*" ’ 



From which, when any one of the three quantities, F^, 0°, iJ" is 
given, tire others may be found, Fahrenheit’s scale has the 
advantage of not requiring the mention of negative degrees in 
ordinary atmospheric temperatures. 

Ex. 1. When the temperature is 60*^ in London, what 
would be the degrees named in Paris and Vienna? 

Then F’^= BO'’. The named in Paris would be 15”|, and 
the ill Vienna would be 12"|. 

Ex. 2. When the temperature is 20°' in London, what woidd 
it be called in Paris and Vienna ? 

Pjrop. 49. To explain the constniclkon and properties of an 
air-thermometer. 

A tube of glass with a bulb fig. 57, blown on the end of 
it, having its open end placed in some vessel of 
liquid, such as coloured water, and being supported 
by a cork through which it passes in the neck of the 
vessel, will form an air-thermometer for comparative 
experiments. Let 5 <7 he the level of the siuface of 
the liquid in the vessel, then applying heat to the 
bulb -4, some of the contained air will pass out of the 
open end through the liquid, and when the instru- 
ment is again cooled to the temperature of the atmo- 
spjiere, the liquid in the tube wiU stand at some 
point as a in the figure. Graduation may be ob- 
tained by taking the instrument into a cold place of known tern- 
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peraturej and then into a hot one of known temperature ; and 
having noted the heights of the liquid in the two cases, dividing 
the interval into the requisite degrees, and noting at the same 
time the height of the "barometer. 

The air-thermometer, when eonstmcted for accinate measures, 
is on a like principle to the above, hut requires many precau- 
tions ; and, being aftected by the atmospheric pressiu*e, can only 
be used with certainty when the barometer is stationary, unless 
laborious calculations are submitted to. The liquid used must 
be mercury, so that vapoiu in the bulb may not disturb the 
results, and the air or gas filling it must be diied at commencing 
tlie construction. In reading the scale the liquid inside and out- 
side the tube must be brought to the same level, after allowing 
for the capillary depression of the merciuy in the tube ; and this 
requires a high vessel to hold the mercuiy. 

PuOP. 50. To eoyplain the construction of the differential air- 
thermometer* 

The differential thermometer has two bulbs as A and 
fig. 58, connected by a tube, and before the 
opening to the atmosphere is closed, some colom'ed 
sulphuric acid is passed into the tube to occupy 
some part as ac5, and then the connexion with 
the external air is closed with the blowpipe. 

When the two bulbs A and B are equally heated, 
the termmations a and h of the sulphmic acid 
remain at rest; but if one bulb is heated more 
than the other, the increased elastice force of the 
air in it drives the liquid aci towards the other 
bulb. The iustrument in this manner shows dif- 
ferences of temperatures, and the bulbs may be at the same 
height, or at different heights. 

Peop. 51, To explain the construction of self-registering 
thermometers. 

The self-registering thermometers of Dr Rutherford and 
Mr Six have been the most used. The former will be here- 
described. The most complete self-registering meteorological 


Fig. 58. 

* 00 “ 
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and magnetic instruments are those of Mr Brooke, acting by 
photography with gas-light and taking continuous results, but 
requiring to be attended to frequently. 

In the figui-e 59 a mercurial thennometer has its stem hori- 
zontal, which being of a wide 
bore, a short length of a steel 
needle as a is placed within 
it. As steel does not amalga- 
mate with mercury, the latter, 
as it advances, pushes the 
needle a before it and leaves it at the highest point it reaches, 
and marks the maximum temperature which has occurred. 

In the figure 60 a spirit-of-wine thermometer, with its stem 
horizontal, has a short length 
5 of black glass or enamel in- 
side the spirit. The attrac- 
tion of the spirit for the enamel 
causes it to be carried back as 
the temperature falls, and it is 
left at the lowest temperature which occm’s, and thus marks the 
minimum. After noting the results, the observer brings the 
enamel h to the end of the spirit in the stem by raising the end 
of the instrument which has the bulb of the spirit for the mini- 
mum thermometer, and brings the steel needle a to touch the 
mercury in the maximum thermometer by means of a small 
magnet. The instruments are then prepared to register the 
highest and lowest temperataes in another interval of time. 

The maximum instrument requires care, for if the steel a 
gets into the mercury it becomes soiled, and must be taken out 
and cleaned before the instrument will act well again. 

The Tnin im mn iusti*uinent is not liable to get out of order^ 
for the enamel h does not easily get out of the spirit; and if it 
should get out, it is easily brought to its place again inside the 
spirit. 

Thermometers are sometimes made advantageously of solid 
materials entirely. Wedgewood’s pyi*ometer consisted of pieces 
of porcelain clay of known size, which being submitted to the 


Fig. 60. 



Fig. 59. 
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heat of a furnace were foxmd to contract in hulk according to the 
heat to which they had "been exposed; and thus famished a 
means of finding the temperature. The indications of this in- 
strument were, however, uncertain, from the same effect being 
produced by a high temperature acting for a short time, as by a 
lower temperature acting for a longer time, 

Ferguson’s pyrometer is more adapted to compare the expan- 
sions of different substances than to ascertain temperatures ; hut 
Breguet’s thermometer and Daniell’s pyrometer are valuable 
instruments in particular cases for determining temperatures, 
better than any others for those cases. 

Peop, 52. To explain the construction of Ferguson! s pyro-- 
meter. 

A bar of metal, or other substance, as AB^ fig. 61, is placed 
between the ends of two rods of glass; the end A of one rod 
being screwed up to its place and stationary, the other Bl is ffee 
to move in its support when the bar AB expands on being 
heated in a bath of hot water or otherwise. The end 5 of the 
rod Bh presses at h near to C on the lever Ca^ which turns about 


Fig. 61. 



a pivot at (7, and this lever Ga presses at a against another lever 
BE near its fulcmm or center D. The effect of the expansion is 
thus magnified, and the point E of the second lever acts as an 
index on a graduated arc, and by its motion along the arc shows 
the expansion of the rod AB^ when the mechanical advantages 
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of the levers have been foiindj and the effect of the heat upon the 
glass rods. ' By placmg different rods of metals at AB then* 
expansions can be found. 

There have been many other methods employed to determine 
the expansions of bodies. The following tables contain the 
expansions of a few principal substances. 


Substance. 

Expands between 
320 and 2120. 

Expands between 
2120 and 3920, 

Expands between 
3920 and 5720. 

Mercmy 

1 

65-50 

1 

54-25 

1 

53-00 


1 

1 

1 



387-00 

363-00 

329-00 

Merouiy in 1 

1 ! 

1 

1 

glass J 

64-80 

6T78 

63-18 


Substance. 

Expands between 

32® and 212". 

Silver 

1 

174 

Copper 

1 

194 

Erass 

1 

Gold 

1 

224 

Iron 

1 

282 

Platina 

1 


377 


From the latter table it will be seen that when a thin strip 
of brass is rivctted or brazed to a like atrip of ii’onj then if the 
compound bar is straight at one temperatui'e, it will not be so at 
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Fig. 62. 
I R Q M 


B RA S S 


other temperatoes. In fig. 62, if the har 
were sti*aight as in the upper figure, it 
would become conyex on the side of the 
brass at higher temperatures as in the lower 
figure, but concave at lower ones. Such 
compound bars have been used to produce 
thermometers, self-regulating sliutters to buildings, c&c. ; but 
their most important use is in chronometers, where such small 
compound strips of brass and steel used in the construction of 
the compensation halance-wheel counteract the effect of change 
of temperature on the balance-spring, and so the chronometer 
maintains the .^ame rate of going at different temperatmes. 


"When the expansion of a body in volume is known, as in 
the above tables, the linear expansion is found by a simple rule, 
as in the next proposition ; and the converse. 


Pnop. 53. To sJioio that the exjyansion of a hody in volime 
is three times its linear expansioii^ nearly. 

Let V be the original volume, and I the distance of any two 
points in it. 

Let V' be the volume when the distance of the same points 
is Z -P cc, and x is very small; 


then 


r _ {I 


therefore the expansion in volume 

_ r- V 
V 


(i + xY^r 

r 


= 3 , nearly, since x is very small, 
= 3 X linear expansion. 
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Prop. 64. To explain the construction of Breguet's iher-- 
mometer. 

The essential part of Breguct’s thermometer is a spiral AB^ 
fig, 63, formed of a compoimd flattened 
wire consisting of silver, gold, and platina, 
with the gold between the silver and pla- 
tina, in accordance with its expansibilitj, as 
seen in the table. The compound wire is 
rolled to be very liglit and thin, and there 
are twenty-three revolutions in the spiral 
of the instrument. The end A is fixed by 
a piece of brass with a screw to a part A 0, 
which is supported by the brass arm OB, 
but can be turned round to procure adjust- 
ment of the index oh at the other end of the spiral. The index 
ah is a light metallic index fastened to a needle soldered to the 
lower free end of the spiral, and moves horizontally, with varia- 
tion of the temperature, over a divided circle on the base or 
pedestal of the instalment. 

The advantage of this instrument is the rapidity, almost in- 
stantaneous, with which it shows the temperature of the air in 
which it is placed, and can he thus used where the sluggishness 
of the other thermometers is a serious objection. 

PnOP, 55. To explain the construction of DanielVs pyrometer. 

Daniell’s pyrometer consists of a rectangular rod of plumbago 
AB, fig. 64, with a hole down its 
axis to receive a rod ob of thick 
iron or platina wire. The end a 
of the rod ah resting against the 
bottom of the hole, a piece of por- 
celain or tobacco-pipe he is pushed 
against the other end h of the rod, 
and is prevented sHpping easily 
by a band of platina, with a tight- 
ening wedge of porcelain, passing 
round it and a projecting part of 
the plumbago. 



Fig. 63. 
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The difference of the expansions of the plumbago and me- 
tallic rod al is ascertained by an instrument like G in the figui'e, 
which has a lever turning about a pivot with the end e as index 
moling along a graduated arc, and an edge at d to be applied to 
a notch at c on the end of the porcelain rod, when the instru- 
ment C is put in its place at the end of the rod of plumbago. 

The values of the divisions on the graduated arc can be 
found by comparison with a mercurial thermometer below the 
boiling point of mercury, and then extended to higher tem- 
peratures. 

As the materials of which the pyrometer is constructed bear 
very high temperatures unchanged, the temperatoes of fomaces 
and the melting points of various metals are determined hy it 
with considerable accuracy. 

Below is Professor Danieirs table of these temperatui'es. 


Metals. 

Fusing points. 

Tin 

442“ 

Lead 

612 

Zinc 

773 

Silver ! 

1873 

Copper 

1996 

Gold 

2016 

Cast iron | 

2786 


On th& SpedfiG Heat of Bodies. 

It has been explained that by the specific heats of bodies we 
mean the relative amounts of caloric which they require to be 
communicated to or taken away from them to raise or depress 
them respectively a given number of degrees of temperature, and 
that their capacities for caloric are supposed to be represented by 
the same numbers as their specific heats, when the same standard 
is adopted. 

Let 0 = the capacity for caloric of a body, or the amount of 
caloric required to raise a unit of mass om degree of temperature. 
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Then if c be constant, the amount req^uired to raise a mass m one 
degi’ee will be mc\ and to raise the mass t degrees of tempera- 
ture will be m . c . 

Let c, m\ i be like quantities for another body, then the 
amount of caloric required to raise or depress it i degrees will be 
in like manner m .c\ 


When these amounts are equal, we have 
m ,0 .i ^ 


or 


d m A ’ 


and if m — rdy then 


c 

c 


I 

t ’ 


Suppose any weight, as one pound of iron, to be quickly 
transferred from boiling water into an equal weight of water at 56®. 
then they will soon have acquired a common temperature of about 
72^ or the caloric which iron has giyen out in falling 212®— 7 
= 140®, has raised the equal weight of water 72®— 56®= 16®. 

Therefore if d the capacity of water be taken unity, we have 
0 the capacity of iron from the formula 



16 

140 


T14, 


or the capacity of iron is about |th that of water for equal 
weights. 

To obtain the capacity for equal bulks we must multiply 
this hy the specific gravity of iron, say 7*8, and have the capacity 
of iron = *8892; or in equal bulks iron contains about ^ths the 
caloric which water contains. If the iron were at any lower 
temperature than 212® the value of the capacity would he found 
to be the same, unless exceedingly great accuracy of manipula- 
tion and observation is used. 

The capacities of solid bodies generally are easily found by 
this method of immersion, but in practice several precautions are 
required, in order to obtain exact results; for the effect of the 
vessel in which the water is contained must he ascertained and 
allowed for, and also care must be taken to avoid loss of heat 
in the manipulation. 
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If equal Tveiglits of water or of luerciuy at different tempera- 
tures are mixed, the resulting temperature is very nearly the 
mean ; but the^ careful experiments of MAI. Dulong and Petit 
showed that the capacities of the metals increase sensibly with 
the temperatures ; and the same property has been found to hold 
generally with liquids and ga^es, when they have been very care- 
fully examined. 

There have been other methods employed to determine the 
specific heats of bodies, Avliich give nearly the same results as 
that of immersion : one of these is by measuring the quantity of 
ice at the freezing point, which is melted by a body of given 
weight and temperature in an instrument called a calorimeter; 
and another is by noting the time occupied in the cooling of the 
bodies from given temperatm-es. Xo method of mixing together 
liquids which act chemically upon each other can of couise be 
applicable to determine their specific heats. 



Specific heats for 
equal weights. 

Water 

1-000 

Iron 


Copper 

•096 

Zinc 

•094 

Arsenic 

•081 

Silver 

■059 

Tin 

■056 

Cadmium 

•057 

Antimony 

•052 

Gold coin 

•034 

Bismuth 

■033 

Platina 

•033 

Mercury 

■033 

Lead 

■032 

Sulphur 

T90 

Flint glass 

•190 


The determination of the specific heats of the gases and 
vapom-s is a subject of great importance, and was not accurately 
P. B. 7 
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i accomplished until Mid. Delaroclie and Berard undei-took the 

investigation. By passing the heated gases through a long 
spiral tube in a vessel of W'ater, and obseiving the teinperatoe 
at entering tlie tube in the water and at leaving it, together 
with the heat commuiiicated to the water, they obtained the 
results in the table below. 



Specific Heat'i, 

Por equal buDia. 

Eor equal weights. 

Ah 

1*0000 

I'OOOO 

Hydrogen gas .. 

‘9033 

12*3401 

CarhouLc acid . . . 

1*2583 

*8280 

Oxygen 

•9765 

*8848 

Nitrogen 

I'OOOO 

1*0318 

Nitrous oxide ... j 

1*3503 

*8878 

Olefiant gas 

1 l*jo30 

1*5763 

Carbonic oxide... 

1-0310 

1*0805 

Aqueous vapour . 

1*9600 

3*1360 


When water is taken as the standard, the results hecomo as 
in the next table. 



Specific heats 
for equal weights. 

Water 

1*0000 

Air 

•2669 

Hydrogen gas ... 

3*2936 

Oarhonic acid . . . 

*2210 

Oxygen 

•2361 

Nitrogen 

‘2754 

Nitrous oxide ... ; 

■2369 

Olefiant gas 

'4207 

Carbonic oxide... 

oo 

CO 

Aqueous vapour . 

•8474 
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Upon these results, Dalton, in tlie Appendix to the first part 
of Volume IT. of his Xcw System of Chemical Fliilosophy^ has 
the followinp;' important remarks: “ Ifrom the foregoing detail of 
experiments on elastic fluids, it appears evident that such fluids 
exhibit matter under a form in which it has the greatest possible 
capacity for heat, wlien capacity is understood to denote the 
total quantity of heat connected ^vith the fluid ; hut if the capa- 
city or specific heat is meant to denote the quantity of heat 
necessary to raise tlie body a given iiiunber of degrees of tem- 
perature, then the elastic-fluid form of matter is that which has 
the least capacity for heat of any known fonu of the same matter. 
When therefore we use the term specific heat as applied to 
elastic fluids, we should henceforward carefully distinguish in 
what sense they are used ; but the terms may still be indif- 
ferently used In the one or the other sense as applied to liquids 
and solids, till some more decisive experiments show that a 
distinction is required. Probably the anomalies that have oc- 
curred in investigating of the zero of cold, or point of total 
privation of heat, are in part due to the want of accordance 
between the ratio of the total quantities of heat in bodies, and 
the ratio of the quantities producing equal increments of tem- 
perature,” &c. 

When the gases are suddenly condensed in the fire-syringe 
it was stated that the heat produced is often sufficient to fire 
tinder. This arises from the condensed gas having less capacity 
for caloric than it had befoiu the condensation, so that the tem- 
perature is raised by the condensation. The law of this change 
of capacity for caloric in gases is of importance in the theory of 
sound, and some experiments seem to show that the instanta- 
neous change, as found in experiments by Mr Joule and the 
author, may be different from that which takes place after some 
interval of time, when the caloric combined with the dense 
matter has attained a new statical condition. 


7—2 
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It lias Tbeen stated before tliat the vapoiirs differ from the 
gases only in being easily reduced to liquids by cold or pressure, 
or both. Whilst the vapour retains its elastic state it is subject 
to the same laws as the gases, that is, Boyle's, Gray Lussac's, 
and Amonton's laws apply to them, at temperatures which are 
distant jB’om their dew-points or points of liquefaction, hnt are 
found to fail in accuracy near those points ; there can be little 
doubt but that the gases are subject to like failures near their 
points of liquefaction. 

When a vessel of any liquid is placed imder the exhausted 
receiver of an air-pump an amount of the liquid rises in vapom* 
which depends upon the temperature. When the evaporation 
ceases the space in the receiver is said to be saturated with the 
vapour, which thus attains a certain degree of elastic force and 
density varying with the liquid and the temperature. When 
such a space thus saturated with vapour is reduced in tempera- 
ture, a portion of the vapour becomes liquid again, and is ex- 
hibited in mist through it, or as dew on the vessel ; and so also 
if it is subjected to additional pressure and allowed to return to 
its original temperature. 

It is found that, if the vessel of liquid were placed under the 
same receiver filled with dry air or gas, the same amount of 
liquid would rise in vapour as in the exhausted receiver, only 
more slowly, and the elastic force of the saturated air or gas 
would be the elastic force of the dry air or gas plus that of the 
vapour. 
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Let be the presstire on a unit of area due to the elastic 

force of the dry air or gas ; 

f be the pressure on a unit of area due to the elastic 

force of the vapour; 

be the pressure on a unit of area due to the elastic 
force of the saturated air or gas ; 

then +/ when the volume is that of the original dry air 
or gas, and if any two of the quantities j?, f are given, the 
remaining one is known ; hut /will be known from tables of the 
elastic force of vapours at different temperatures, and therefore 
jp —/for air or gas if dry will he known. 

Secondly, let the pressure remain the same, and let V he 
the volume of the saturated air or gas when the pressure is y), 
V the volume the dry air or gas would occupy at the same 
pressure. 

Then, hy Boyle’s law, 

elastic force of the air or gas in volume V* V p — f 

elastic force of the air or gas in volume F" ” ^ ' 

whicli giye eitlier 7 or 7' wlieu the other with ^ and / are 
known. 

That solids may furnish vapom-s as well as liquids is shown 
in the case of ice and snow, which nia 7 be easily noticed, to 
diminish during a long frost ; and such substances as camphor 
disappear in vapour quickly when exposed to the air ; so that 
steam or aqueous vapour exists of au elastic force, which can. be 
measured far below the zero of Fahrenheit’s scale, as has been 
shown by M. Eegnanlt. The subject of the elastic force of 
steam at different temperatures is so important that many phi- 
losophers have directed their attention to it and a collection of 
their results will be found in the PhilosopMcal Mac/azine for 
January 1849, in a reprint of a paper by J. H. Alexander, Esq. 



102 


ON VAPOUHS. 


As containing results for the vapours of other liquids as well 
as water, a table of some of Dalton’s results is inserted here. 


Temperature 
by common 
Thermometer. 

Elastic force of the Vapours in inches of Mercury. j 

Ether, 

Sulphuret of 
Carbon, 

Alcohol. 

Acetic 

Acid. 

Water. 

7“ 

3*75 

3-134 

•193 


•11 

35 

7-5 

6-20 

•560 

•27 

•29 

65 

15 

12-26 

1-51 

•69 

•75 

97 

30 

24-26 

4-07 

1-77 

1-95 

133 

60 

48- 

11-00 

4-54 

5-07 

173 

120 


29-70 

11-7 

13-18 

220 

240 


80-2 

30- 

34-2 

272 





88-9 

340 



i 

1 


231- 

1 , 


It is evident that the elastic force of vapours increases in a 
very high ratio to the temperatures. Many attempts were made 
to find the relation between them, but we must not expect 
gi'eater conformity between calculation and experiment than is 
shown by the formula of Mr Alexander, which does not differ, 
in the whole range of temperatures which have been investigated, 
more from the experiments of the different investigators than 
they do from each other. 

Mr Alexander’s formula is 

t ^ 990)" 

180'^169oJ’ 

where j) is the pressm'e due to the elastic force of steam in inches 
of mercury, and t is the temperature on Fahrenheit’s scale. 
The following table contains a few selected results fi'om those 
occupying four pages of Mr Alexander’s paper. 
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1 

^ Temperature 
‘ Faliieiiheit. 

Pressure 

in inches of Mercury of Steam, 

By the formula. 

j By observation. 

Observers. 




*0100 

Eegnault. 

- 13- 

•OlSU 

1 

1 

*0205 


^ 

' -0305 


-0284 


+ 1-70G 

■0437 


‘0457 


, O'-tl 

•0C64 


‘0638 


1 32 

1 *1950 


•1811 


1 

*275 


■250 

Ure. 

\ 70 

•840 


■726 


1 80 

1-184 


I^OIO 

.... 

1 100 

2‘192 


1*860 


1 130 

4-969 


4-366 



1 IGO 

10*214 


9-600 


173 

I 13-612 


13*18 

Dalton. 

1 

1 

( 


f 34-20 


222 

' 34*73 

i 


[34-95 

Taylor. 



I 

^50-12 


250 

58*99 

J 

1 

1 

[61-19 

Ure. 



r 

139-70 


300 

130-02 

J 





(133*75 

Taylor. 

340 

228*74 

231-00 

Dalton. 

372 , 

346*95 

325* 

Ai'zhei’gen 

403'88 

011*43 

514-22 ] 

French Acade- 

435*227 

731*93 1 

716-13 1 

micians. 


The specific heat of steam at different temperatures is a 
subject of great importance in the theory of the steam-engine. 
Mr Watt found that the heat which became latent at the boiling 
temperature when water was converted into steam at the same 
temperature was sufficient to have raised the water 950° Fah- 
renheit; and by Jlr Southern’s experiments it is nearly the 
same in steam at different temperatoes and degrees of elastic 
force. This shows that when steam is condensed into water 
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again by cold applied to it, it gives out heat which would raise 
an equal weight of water 950*^ of temperature. 

The boiling points of liquids are the temperatures at which 
the elastic force of their vapoui's equals the pressure to which 
they are subject, and thus becomes lower as the pressure is less. 

The following table from Dalton’s Meteorologioal Essays gives 
the boiling temperatures of water under different pressures of 
air in the receiver of an air-pump. 


Heat of 
the water when 
boiling. 

Pressure upon its 
surface in inches of 
Mercury. 

Earefaction of 
the air. 

212“ 

30-0 

1- 

200 

22-8 

1*3 

190 

18*6 

1*6 

180 

15-2 

2*0 

170 

12’2 

2*4o 

160 

9-45 

3*2 

loO j 

7*48 

4-0 

140 

5-85 

5*1. 

130 

4*42 

6*8 

120 

3-27 

9-2 

no 

2*52 

11-9 

100 

1-97 

lo*2 

90 

1-47 

20*4 

80 

1*03 

29-0 


M. De Saussure found the heat of boiling water upon the 
summit of Mont Blanc ^ 186°; the height of the mountain is near 
three miles above the level of the sea; the barometer was 16 
inches ^ of a line (a little above 17 Euglisb inches). 

Dr Wollaston proposed to use the thermometer, graduated 
accurately with large divisions about the boiling point, to deter- 
mine the heights of mountains. Such an instrument is much 
more portable than the barometer, and a small quantity of water 
can be boiled by spirit of wine very quickly and easily in the 
vessels to be used with the thermometer. 
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In determining the elastic force of the vapour in contact with 
the liquid from which it arises, there are two cases, as the 
clastic force of the vapour is less or greater than that of the 
atmosphere. 

Prop. 56. To explain the method of determining the elastic 
force of a vapour lohen it is less than that of ike atmosphere. 

Barometer tubes and well boiled mercury being 
prepared, let a tube filled with mercury, and freed 
from all air-bubbles, have its open end covered 
until it is placed below the sui-face AB of the 
mercury in the cup, fig. 65, and it -will then be a 
barometer, with the upper sniiace of the mercury 
ill the tube resting at some point a, as in the 
fiffure. Let another tube be filled in the same 

o 

way, except a small portion at the open end, 
which being filled with the liquid of which the vapour is to be 
examined, let the end be then closed with the thumb until that 
end is below the surface AB of the mercury in the cup. The 
liquid being specifically lighter than mercury rises through it to 
the upper closed end of the tube, and the tube being vertical, 
when the thumb is withdrawn the mercuiy falls to some point 
as G with a portion 5 c of the liquid resting upon it. Tlic portion 
of the tube above 5 is filled with the vapour of the liquid, and 
its elastic force is measured by the column of mercury whose 
height is the difference of the heights of a and c above the level 
of AB. The liquid Ic and the space above it being brought to 
a variety of temperatures, the elastic force of the vapour becomes 
known for those temperatures, as long as it does not exceed the 
pressure of the atmosphere when the point c has come down to 
the level of AB. 

Prop, 57, To explain the oneihods of determining the elastic 
force of a vapour when greater than that of the atmosphere. 

Figures 66 and 67 represent the two instruments of the 
methods of determining the elastic force of vapours when greater 
than that of the atmosphere. 
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FiLr. 60. 


ABG^ fig. 665 represents a beat tube of glass, closed at the 
end J., and open at the end ( 7 . 

Mercury being passed into the tube 
to fill the leg AB and part of 5(7, 
some of tlie liquid whose vapour is 
to be examined is passed throiigb 
tlie mercury to occupy a small por- 
tion of the tube near A when placed 
vertical. Heat being applied to the 
liquid near ^ by a vessel of heat- 
ed oil surrounding it, or otherwise, 
when vapour is formed above the 
liquid let the surfaces of the mercury 
in the two legs be a and h. Draw 
a horizontal line from a to a\ then 

the elastic force of the vapour at A supports the column of mer- 
cury ha together with the pressure of the atmosphere; and 
the elastic force is expressed in inches of mercury by the height 
of the barometer plus the height ab* 



Figure 67 represents Marcet’s boiler, which consists of a 
strong spherical metal vessel supported on a tripod. It has 
three apertm’es to which are adapted, hy screws and steam-tight, 
first, a thermometer a hj with its bulb inside the boiler to show 
the temperature of the vapour ; secondly, an aperture with a 
stufiing-box at cl to admit a long straight tube of glass, open at 
both ends as BA ; and thirdly, an aperture with a pipe and 
stop-cock c as in the figure. In using the instrument, a known 
quantity of mercury is poured into the boiler, and the lower end 
of the tube of glass is passed below its surface A in the figure. 
A quantity of the liquid whose vapour is to be examined is then 
poured upon the mercury, when the thermometer and pipe with 
the stop-cock are screwed in their places. How, the heat of a 
lamp being applied under the boiler, when the liquid boils, if 
the stop-cock c is left open, the atmospheric aii* in the boiler 
mil be forced out by the ascent of the vapour, and when the 
vapom' only issues tlu’ough it the stop-cock can be closed, and, 
the heat being still applied, the temperature of the vapour is 
shown by the thermometer a 6 , and its clastic force by the 
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heiglit, as A 0 in tlie figure, to which the mercuiy is forced in 
the glass tube AB, The elastic force of the vapour at the tem- 
perature shown is measured, in inches of mercuiy, by the height 
of the barometer plus the height of the column A 0. 

If the stop-cock c is opened when the elastic force of the 
vapour is considerable, the hand may be held near the aperture 
and will only feel a cold jet of condensed vapour to strike it. 
This arises from the sensible heat of the vapour having become 
latent during the expansion of the jet after issuing into the ah. 
It is thus sometimes said that high-pressure steam blows cold, 
whilst a jet of low-pressure steam will scald severely. 


Fig. fifi. 


Prop. 58. To explain the mode of action of Dr WollasiorCs 
instrument as an elementary steam-engine. 

This instrument consists of a cylindiical 
tube of glass AB, with a bulb BG^ blown 
on one end of it, as in fig. 68. In the cy- 
linder there moves a steam-tight piston 
ac5, with its piston-rod ced^ a tube which 
can he closed at the end d hy screwing on 
the cap d, as in the figure ; it passes loosely 
through an aperture e in the brass cover to 
the end of the cylinder -4, which is con- 
nected with a handle f If the bulh BG 
be filled with water, and the piston he then 
pushed into the tube with the end d open, 
the air will pass out through the tubular 
piston-rod cetZ, and when the piston is pushed to the surface of 
the water the cap d may be screwed on, and so as to close the 
end at d. If the bulb BGhQ now held over the flame of a lamp, 
when the water in BG comes to the boiling temperature, and the 
elastic force of the steam equals the atmospheric pressiue, the 
steam will rise and fill the cylinder AB, forcing the piston to 
the top. If the instrument he now removed from the flame the 
heat will pass away by radiation and the convection of the air, 
and the steam in AB will condense into water, when the pres- 
sure of the atmosphere on the upper side of the piston will force 
it down again ; and the same process may be repeated. 
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If we consider this experiment in its simplest forai with 
M. Carnot, we consider a cylindrical tube with tight piston 
closed at one end and open at the other, the piston being at the 
closed end, but with a quantity of water at the end, which, when 
converted into steam at the atmospheric pressure, will fill a 
given volume of the cylinder. Let sufficient heat be now com- 
municated gradually to the water to convert it into steam, the 
piston will move up the cylinder until it comes to its position of 
equilibrium, with the pressures on each side of it equal. If 
the heat be now abstracted again the piston will return to its 
first position, and then the same operations may be repeated 
continuously. In these operations the work done, neglecting 
friction, momentum of the piston, &c. is measured by the quan- 
tity of air forced from the cylinder, and this equals the quantity 
of steam at the atmospheric pressure which is formed by the 
heat communicated and abstracted ; which ought to be propor- 
tional to the amount of fael consumed in order to produce that 
heat, and to the quantity of oxygen gas of the atmosphere which 
is employed to support the combustion. 

Prop. 59. To explain the construction and mode of action 
of the atmospheric pumping engine. 

Newcomen’s atmospheric steam-engine had an iron cylinder 
AB^ open to the atmosphere at the top, but closed at the bottom 


Fig. 69. 



except where three pipes entered, called the steam-pipe, the cold- 
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water pipe, and tire condensed water-pipe respectively, as in 
fig. 69, Tlie pipes had each a stop-cock, which could he opened 
and shut by an attendant. The cylinder had an air-tight piston 
CD within it, and the piston-rod EF was comiected with the 
beam turning about an axis (?. The pump-rods, as were 
connected with the other end of the beam. Let a represent the 
stop-cock in the steam-pipe coming from the boiler, h that in the 
cold-water pipe coming from an elevated cistern, and c that in 
the condensed water-pipe. 

Then if the piston CD were at the bottom of the cylinder 
and the stop-cock a were opened, the steam from the boiler would 
enter the cylinder and the pump-rods preponderating the piston 
would rise to the top of the cylinder ; the stop-cock a being then 
shut and S opened a jet of cold water entering the cylinder, as in 
the figure, the steam would be condensed and a vacuum formed 
imder tlie pi&ton, when the pressure of the atmosphere being 
nearly 15 pounds on each square inch of the area of the piston, 
it would be forced down and raise the pump-rods at the other 
end of the beam. The stop-cock h being closed when the con- 
densation was complete, that at c would be opened to allow 
the water from the injection and condensed steam to escape 
from the cylinder, and then c being closed, a would be opened 
again and another stroke of the piston take place, and so 
onwards. 

The disadvantages of this steam-engine were, that when the 
cylinder and piston were cold there was a loss of steam, which 
entered the cylinder when a was opened, by condensation, and, 
on the other hand, when they were heated the cold water injected 
into the cylinder did not completely condense the steam to pro- 
duce a vacuum. Mr Watt’s improvements were first directed 
to remedy these defects by performing the condensation in 
a separate vessel, and keeping the cylinder always heated, and 
afterwards he contrived both single- and double-acting engines 
with closed cylinders. 
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Pfof. 60. To explain the principle of the douhh’-aciinrj con- 
densing steam-engine. 

Let ABGD represent the cast- 
iron cylinder of the engine, EF 
the indnction-pipe or steam-pipe 
from the boiler, Oil the eduction- 
pipe leading to the condenser JT, 
into •which enters the cold-water 
pipe h, and from which a pipe I 
leads to the air-pump of the en- 
gine, Let ahcd lepresent valves 
opening into the cylinder, which 
can be opened and shut; egf the 
steam-tiglit piston, and gh the 
piston -1 od passing tlirongh the 
steam-tight stuffing-box i. 

Suppose the cylinder to be 
heated and fidled with steam, by 
the operation called ^ blowing through ’ by the eiigineeis, then 
if the valves a and c be opened the steam above the piston rusli- 
ing through c to the condenser and meeting the jet of cold water 
from the pipe Z:, will be condensed, and there will be a vacuum 
above the piston and the pressure of the steam below, which 
entering by a forces the piston to the top of the cylinder, when the 
valves a and c are shut and those at d and 5 aie opened. The 
steam below the piston now rushes through h and becomes con- 
densed, leaving a vacuum below the piston ; and tlie steam from 
the induction-pipe entering by d forces the piston to the bottom 
of the cylinder, and then the process goes on as before. The 
reciprocating motion of the piston is communicated to the main 
beam of the engine by the piston-rod, and fr’om it the connecting 
rod goes to the fly-wheel, which produces an equalized rotatory 
motion by its moment of inertia. 

The figure 70 being only for illustration and explanation 
the practical arrangement of the valves would always be very 
different, and there have been numerous different constructions 
used, as the D valves of Bolton and Watt, the box-valves, the 
plug-valves, the three-way cock, &c. 


rig 70 . 
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Prop. 61. To explain the mode of action of the hoor-vahe of 
a steam-engine. 

Let A be the induction-pipe, BG 2 u chamber into which it 
leads, lia\ing three pipes from it, as in fig. 71, of 
which a Icad^ to the bottom of the cylinder, d 
to the tnp, and e lead^ to the eduction-pij^e and 
condenser. A box he slides upon the smooth 
face of the chambei BC into which tlie three 
pipes open, and is sufficiently long to co\ er two 
nf them only at the fcame time. It ib mo\ed 
up and down by the rod ef passing tlu-ough 
a stuffing-box, and connected with tlie engine. 

In the position of the box he, as in the figiue, 
we see that the induction-pipe is in communica- 
tion through a with the lower pait of the cylin- 
der, and that the upper pait is in communication 
through d and c with the condenser. 

When the box e 5 is pushed downi to cover the openings of 
c and a, we see that the induction-pipe will be in communication 
with the upper part of the cylinder, whilst the lower part will 
be in communication with the condenser. In this way the action 
of the foul* valves of fig. 70 can be perfoimed by the sliding up 
and down of a box like he, fig. 71, which is kept close to the 
face of the chamber by ha^nng a vacuum on its inside and a 
pressure of steam on its outside. 

Prop. 62. To explain the construction of the Mgh-pressure 
steam-engine. 

The condensing engine will evidently work with steam of 
the elastic force of the atmosphere. Mr. Trevithick saw that by 
using high-]3re33ui*e steam a much simpler engine could be em- 
ployed, dispensing with the condenser, air-pump, &c., and the 
loss of power which was thus avoided might nearly compensate 
for the want of condensation. A sufficient supply of cold con- 
densing water is also frequently difficult to obtain. In such 
cases Jlr Watt’s condensing engines would be of little value, 
and could not, for instance, be used on railways. The high- 
pressure engines are now exceedingly numerous; and when 


Fig. 71. 


AW 
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high-pressure steam super-heated, with condensation, and when 
the entrance of the steam into the cylinder is cut off at part, 
say one half or one thu*d the stroke, and then acts expansiyely 
hy its elastic force, the engine becomes the most economical 
of all. 

The high-pressure engine is constmcted like the condensing 
engine, fig. 70, but without a condenser, and the eduction-pipe 
opens into the air, or into the chimney of the furnace. 


Many plans of rotatory steam-engines haye been invented to 
produce rotatory motion at once, but from the difficulty of keep- 
ing the working parts steam-tight in such arrangements, they 
have not established themselves, although they promised at the 
first sight a great saving of power. 

The steam-hammer consists of a heavy hammer or ram, 
which is raised by high-pressure steam acting upon the under- 
side of a piston in a cylinder, and on the steam being allowed 
to escape the hammer falls directly upon the object to be ope- 
rated upon. 


On Sygromeievs* 

The hygrometer is an instrument for showing the degree of 
moisture or diyness of the atmosphere. There are very many 
substances which possess the property of being as it is termed 
weather wise ^ or of being affected by the amount of vapour in 
the air where they are placed. Sponge, seaweed, hair, strips 
of whalebone, the awn of the wild oat and feathergrass, cords 
formed of animal and vegetable fibres, and many other substances 
have been used for hygrometers. Though very sensitive to 
changes of moisture the hygrometers formed of these substances 
have the disadvantage of not furnishing a scale which can be 
compared at distant times. Dalton observed for a long time 
the indications of a hygrometer formed with about 6 yards 
of whipcord fastened to a nail at one end, and thrown over 
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a small pulley, being stretched by a weight of 2 or 3 ounces 
at the free end. It liad a scale divided into tenths of inches. 
In different states of the air in a room without fire but with a 
moderate circulation of air, it varied in length above 13 inches, 
being longer when the air was drier. It was found that the ob- 
serv’ations of different years could not be compared, as the cord 
continually increased in length with the time it was used. The 
hygrometers of like principle are liable to the same objection, 

Leslie’s hygrometer consisted of a differential thermometer, 
having one of its bulhs covered with thin cloth, which was 
always kept moist by a few threads leading to a vessel of water, 
and it showed the degree of evaporation from the cold produced 
by the indication of the thermometer. Darnell’s hygrometer 
was used with aether, and required some attention. 

The ascertaining the dew-point directly is a certain but labo- 
rious method of determining the moisture in the atmosphere. 
It consists of using cold water with freezing mixture in solution 
when necessary, which is pomed from one glass vessel to another 
imtil dew is only perceptibly formed upon the glass, when the 
temperature of the water is noted. This temperature is more 
below that of the air as the air is the drier. This laborious 
method, which had been practised by some meteorologists for 
years, is now unnecessary, since the wet and dry bulb thermo- 
meter gives equally con-ect indications by inspection; and by 
means of ilr Glaisher’s tables, given in his pamphlet on the 
instrument and its uses, the quantity of water in a given bulk 
of air is easily found, and thus a gi‘eat service has been rendered 
to the science of meteorology by his investigations. 

PuOP. 63. To explain the uses of the hygrometer called the 
wet and dry hulh thermometer. 

The wet and dry bulb thermometer, as in fig. 72, has two 
mercurial thermometers placed near together, with their bulbs as 
at A and jB^ of which A is naked but B is covered with soft 
cotton cloth, from which there passes a band of a few soft 
cotton threads to a small vessel of water below the instrument, 
The bulb B has thus always a wet covering around it, from 
p, H. 8 
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which eyaporation is contiiiuallj going on, unless 
the air is saturated with moisture. As the vapour 
rises from the covering of B it ahsorhs the heat 
necessary to convert it from a liquid into vapoui’, 
and the temperature of B falls according to the 
evaporation going on ; and thus is generally 
below the thermometer A, The difference of 
the temperatiu'es of the two thermometers, or of 
the points a and h in the figure, thus shows 
the effect of the wetness or dryness of the air. 


Fig. 72. 



The difference between the readings of the dry bulb and 
wet bulb in this country, between the mouths of April and 
September, will fr*eqiiently be 9" to V2\ less frequently 12^ to 15*^, 
and occasionally will amount to 18°; and during the other months 
of the year it will frequently be betw^een 4° and 9^” 
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ox THE HELATIOX OF LIQUIDS TO CUSES AXD SOLIDS. 

When a Teasel of water is placed under tlie receiver of an air- 
pump and the pump is worked^ we see; as the exhaustion pro- 
ceeds, that numerous air bubbles form in the water, and burst on 
rising to the smface. It is found that about ^th of its bulk of 
air escapes from ordinary spring water under tbe air-pump va- 
cuum. This contained air also escapes with the steam in the 
boiling of water; and hence the need of the air-pump of the 
condensing steam-engine to remove the air as well as the water 
from the condenser. 

Springs are found in various places in which the water is 
strongly impregnated with sulphurated hydrogen gas, others 
vdth nitrogen gas, others again with a large proportion of car- 
bonic acid gas. From these waters generally the gas escapes 
when the pressure to which it has been subject is removed. The 
necessity of boiling meicury before using it in the construction 
of a barometer has been before mentioned. 

The following laws have been established by Henry and 
Dalton. 

1. The gas in a liquid is retained by the external pressure, 
and when this pressure is removed the gas escapes, It is also in 
a great measure expelled by boiling. 

2. The pressure arising fi*om one species of gas or vapour 
will not retain another gas in the liquid, for a portion of the ab- 
sorbed gas escapes until there is equilihrium : the proportions 
in and out of the liquid having the particular ratio for each gas. 

3. The quantity of gas absorbed by a liquid is proportional 
to the pressm-e ; and the temperature of the liquid rises during 
the absorption. 

4. The absolute quantity of gas which a liquid will absorb 
under any given pressure is very different for different gases. 

8—2 
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Thus water absorbs its omi bulk of carbonic acid, and nitrous 
oxide, 2^ times its bulk of sulpliureted hydrogen gas, about ^th 
of its bulk of oxygen gas, about ^th of its bulk of nitrogen, and 
^th of its bulk of hydrogen gas. 

5. Different liquids absorb tlie various gases in very dif- 
ferent proportions. Thus alcohol is found to absorb twice its 
bulk of carbonic acid, whilst water absorbs only its own bulk. 

In verifying these laws, pure liquids ffee from air or gas at 
the commencement are needed, and brisk agitation with the 
liquid, with fi*esh supplies of the gas added as the absorption 
goes on, in a proper apparatus, is required in order to find the 
effect. 


Ccqnllary Attraction and Repulsion. 

When a solid body is partly immersed in a liquid, they are 
found at the places where they come together to have an action 
upon each other, which is said to be due to capillary attraction 
or repulsion, arising from forces which are sensible only at in- 
sensible distances. 

If a flat plate of glass whose perpen- 
dicular section is C®, fig. 73, be placed 
vertically in water of which the surface is 
ABy it is found that the water will rise 
around it to some height as ah, about yth 
of an inch above AB, or the water is said 
to have a capillary elevation as it approaches 
the glass. 

If a flat plate of glass whose perpendicular section is CD, 
fig. 74, be similarly immersed in mercury of j?ig, 74 . 

which the level of the surface is AB, then 
the surface of the merciuy becomes convex 
near the glass, and is only in contact with it 
at some depth a5, about ^th of an inch be- 
low ABy so that the mercury near the glass 
is said to have a capillary depression, 
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There is said to be a capillaiy attraction between water and 
glass, and a capillary repulsion between mercuiy and glass, but 
in both sensible only at insensible distances, since the capiUary 
actions cease at the sliglitest separations of the liquids from the 
solids. TTax and greasy bodies show capillary depression when 
partly immersed in water, "wliilst the metals which are wetted 
by mcrciuy show capillary elevation when immersed pai'tly in 
it ; so that the terms capillary attraction and repulsion are only 
relative, there being only attraction between the atoms of dense 
matter directly, 

When a solid body is wetted by a liquid, we conclnde that 
the attraction of the solid for the particles of the liquid is greater 
than their atti’action for each other, so that some portion of the 
liquid adheres to the solid. When a solid body is not wetted by 
a liquid, the attraction of the particles of the liquid for each 
other is greater than their attraction for the solid. The former 
case of the wetted surface will always give capillary elevation ; 
but the latter case does not necessarily give capillary depression, 
as will be seen below. 

PnOP. 6-i. To show that if the attraction of a solid partly 
immersed in a liquid for a particle of the liquid at the surface in 
contact with it, is more than half that of the liquid for the same 
particle^ there will he capillary elevation; and if less, there will he 
capillary depression^ 

Let GAT) be the smface of the solid in fig. 75, which is 
partly immersed in a liquid of which 
the surface AB is in the first in- 
stance supposed horizontal, and A 
the particle in the surface in contact 
with the solid. Since the forces we 
have to consider are sensible only at 
insensible distances, if we take an 
indefinitely small wedge in the solid 
whose section is aAh, and its edge 
at A perpendicular to the plane of the 
figure, its attraction on the particle 
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A will be the same in whateyer direction it be taken from A in 
the solid, and the sum of the equal atti’actions of all such wedges 
makes up the atfraction of the solid. Taking BAB a sti-aight 
horizontal line, and CAD verticab the resultant atti-action of the 
portion of the solid whose section is BAD will make an angle 
of 45*^ with the horizontal and vertical directions, let it equal B 
acting in AR^. In the same way the resultant attraction of the 
portion whose section is CAB will be i?, acting in a line AR,^ 
whose direction makes an angle of 45° with the lines AB and 
ACi as in the figure. 

In like manner, again, the resultant attraction of the fluid, 
whose section BAD will be in the direction AR!^ making the 
angles RAB and RAD each 45°, Let its magnitude be R!. 
The particle A being supposed to be in equilibrium, by resolving 
horizontally we have 

(2i? “jH") cos 45°= 0 
therefore 2^ = 12'. 

The resultant of the forces acting in AR^^ AR^, and AE is 
therefore vertical, as well as the fluid pressure and the force of 
gravity; and hence the surface of the fluid is horizontal, since, 
as in Prop. 4, the resultant force is always perpendicular to the 
surface of a fluid when there is equilibrium. 

E 

If R is greater than — , then the resultant lying nearer 

always to the greater force, and being perpendicular to the capil- 
lary surface, this surface will be concave, as in fig, 73, 

E 

If R is less than — , then the resultant will be nearer to the 
line AB\ fig. 75, and the surface will be convex, as in fig. 74. 

The angle BAD^ fig, 75, is called the angle of contact, and 

E 

equals 90° when i2 = — . Between mercuiy and glass the angle 

of contact is found to be about 140°. Between water and glass 
it is very small, since glass is wetted by water, and R greater 
than E^ 
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lyiien two plates are broiiglit near together in a liquid, the 
form of the surface of the liquid between them is nearly circular; 
and when a tube of small bore is placed in the liquid, the surface 
of the liquid within is nearly spherical. The capillary eleya- 
tiong or depressions for different distances of the plates or dif- 
ferent radii of the tubes can he found from the consideration 
that the force exerted is proportional to the line of contact of the 
liquid and solid, and it is measured by the weight of the 
column of liquid which is supported above the level of its 
general surface. 

Plop. 65, To investifjatc the law of the ascent of a liquid in 
small tubes of different radii. 

Let CD represent a tube, as of glass, 
in fig. 76; let AcB be the level of the 
surface of the liquid which wets it. Let 
ab be the capillary sinface inside the tube, 
of which the diameter ab — 2r^ and aG = h 
the height of a 5 above the level of AB. 

Let B be the power due to a unit of length 
of the surface of contact, then the power 
exerted within the tube 

= jP. 2 ttt 

and this is balanced by the weight of the column supported 
above the level of AcB. Let p he the density of the liquid, and 
g the force of gravity, then the weight of the column 

— gp.wr.li^ veiy nearly; 
and equating these expressions, we have 

, 2P 1 
gpr T 

or the height varies inversely as the radius of the tube, which is 
in accordance with experiment ; and it is found for water and 
glass that the height is one inch when r is ^tli inch, from 
which the heights for other radii can be calculated. It is from 
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tlie result so conspicuous in small or capillary tubes tbat the 
name of capillary attraction has been given. 


Prop. 66. To investigate ike laio of the ascent of a liquid 
between Uoo parallel plates near together* 

Let CD and EF represent the two plates in fig. 77, whose 
distance is d* Let a& be the surface be- 
tween them, and ac^k the height above 
the level of the liquid AcB* Let P, p, g 
be as before. Let Z=:the breadths of the 
plates and length of the line of contact on 
each. Then equating the power along the 
line of contact to the weight of the ele- 
vated column, we have 

2PZ = gpk . d* Z, very nearly ; 



, 2P 1 

or A 5 cc 

gpd a 


or the height varies inversely as the distance of the plates. This 
is in accordance with experiment, and with the result of the pre- 
vious Proposition ; the height being the same when the radius of 
the tube equals the distance of the plates, 

Coe. When there is capillaiy depression the converse rules 
hold good. The depression of mercury is an inch between par- 
rallel plates of glass when their distance is rd of an inch, and 
in a tube when its diameter is ^th of an inch, from which the 
results for other cases can be calculated; and it must be taken 
into account when barometers are made Avith tubes of glass 
whose internal diameters are not very large. 


Prop. 67. Tioo flates meet in a vertical line^ and are in-- 
dined at a very small angle ; required ike form of the capillary 
surface when their lower edges are immersed in a liquid which 
wets them. 

Let AOB, fig. 78, be the vertical line in which the plates 
GABD^ EABF meet at the small angle CAE. 
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Let OMH be the level of the surface of the %uid, and 
axis of X, with OA the axis of Let aFh be the surface of 


Fig, 78. 



tance of the plates at a unit of distance from 0^ and d is the 
distance at P, 

we have ~ = - or d — D,x 
1 X 

and the height PM—t/^ by the last Prop., 
and xy = constant = urij say, 


which is the equation to the rectangular hyperbola referred to 
the asymptotes, as seen in experiments. 


Prom the properties above discussed 
it arises that when we dip a needle in a 
liquid that wets it, the drop which hangs 
from the needle when withdrawn from 
the liquid takes a position of equilibrium, 
as at fig. 79, and does not fall to 
the point. 


Fig. 79. 



When a liquid which wets a substance is placed between two 
plates of it, as at A in fig. 80, it has con- 
cave surfaces and moves up to tHe angle 
where they meet; and if small in quantity 
they may be turned with the open part 
downwards without its falling out. 


Fig. 80. 
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When there is capillary repulsion be- 
tween the substance and liquid, a small 
quantity of the latter between plates, as 
at Ay fig. 81 , takes a flattened convex 
form, and falls out when they are turned 
with the open end below the horizontal 
direction. 


Fig. Bl. 




CHAPTER YIL 


ON THE MOTION OF FLUIDS. 


The proMems of liydrodynamics which can he solved with- 
out the aid of the differential calculus are not veiy numerous. 

In fluids the constituent atoms being free to move indepen- 
dently of eacli other on the application of the slightest force, 
except that in liquids the attraction of aggregation requires to he 
considered for the strict solution of most cases, the motion of the 
fluid must he considered as originating in the motion of its atoms 
individually. In the motion of a fluid, when no crystalHc ar- 
rangement like that in water near the freezing temperatm-e 
exists, the laws of fluidity in regard to the symmetrical arrange- 
ment of the atoms have to he recognized. If circumstances 
different to those which would exist in the case of equilibrium 
are impressed upon one or more atoms of a fluids then motion 
must ensue ; and it may he a motion of translation of the atoms 
amongst each other or with respect to other bodies, involving a 
motion of masses of the fluid; or it may be that a vibratory 
motion of the nuclei or centers of the atoms about their places of 
rest only exists, whilst the most general and most frequent case 
will involve both motions of 'vubration and translation. Admit- 
ting that both kinds of motion do really exist, it requh-es, iu 
most problems, that we take notice of one only as affecting the 
result which is under investigation. 

A force may act upon a whole mass of fluid, and yet a part 
of it only may receive motion at any instant, because the action 
of the force upon the other parts is counteracted by the re- 
sistance of the vessel in which the fluid is contained. The case 
of a condensed gas in a receiver with an aperture iu it which is 
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Opened, and the case of water flowing from an opening in the 
containing vessel, are such cases : the portion at and near the 
opening at any time being that which receives motion at any 
instant. 

Torricelli first ascertained the law of the velocity with which 
a liquid flows from an openmg in a 
vessel which contains it. Let AB 
be the sm*face of the liquid in the 
vessel, fig. 82, G a small oj)ening 
in an arm at the lower part ; then 
when the jet from C was veitical, 
as in the figure, it attained a height 
at the highest point a nearly the 
level of AB^ and he concluded that 
if the resistance of the air and fric- 
tion had not existed it would have 
attained accurately to the level of 
AB^ and therefore when it issued 
fiom the apertLU’e at G it must have had a velocity equal to that 
which a heavy body would acquire in falling fr-oin the level of 
AB to the point G ; for it is known in the science of dynamics, 
that when a heavy body is projected directly upwaids it loses 
the velocity in ascending which it acquires in descending again. 

Let ?i be the height of AB above C, v the velocity of issuing 
at (7, and <j the force of gravity ; then by dynamics we have 

i/ = 

Since fluids transmit pressure equally in all directions, the velo- 
city of the jet at any orifice will be the same whether it issues 
vertically upwards, vertically downwards, horizontal or inclined, 
being always that due to the height of the surface above the 
orifice. This law has been found to hold more accuiutely for the 
gases than for liquids, as might be expected from their more 
perfect fluidity. The gas contained in a vessel or receiver having 
a small aperture which is suddenly opened into a vacuum, the 
velocity of the issuing jet is that due to the height of the column 
of the gas, which, if of uniform density, would produce the 
pressure or elastic force which it exerts in the receiver. Thus 


Fig. a2. 
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liydrogcii gas issues into a racuum with, much greater velocity 
than atmospheric air, and carbonic acid gas with less. Professor 
Graham found that if the gas i'^sued into a space containing a 
moderate portion of gas instead of into a vacuum, a similar law 
held good, but with a height of the gas due to the difference of 
the pressures iu’^idc and outside the receiver. 

It was a long time after Torricelli’s discovery before the 
science of hydrodynamics was sufficiently advanced to afford a 
strict mathematical proof of the above law; and as it involves 
the differential calculus, it cannot be admitted here. 

When a liquid issues into the atmosphere from an aperture 
in a iliiti plate^ the jet is found to contract after leaving the 
apertme, and the narrowest part is called the vena contracta. 
It is found that if the area of the vena contracia be taken as the 
effective orifice, the quantity of liquid which issues in a given 
time comes near to that given by calculation, Newton con- 
sidered the area of the vena contracia to bear the ratio of 1 to 
V 2 to that of the real aperture, but it is generally considered to 
be that of 5 to 8, When to the aperture a cylindr-icah conical, 
or other form of tube is fixed, it is called an adjutage^ and its 
form affects considerably the quantity of liquid discharged in a 
given time. 

AYhen the velocity of a fluid is the same at the same point 
at all times, it is called a case of steady motion. When the 
velocity is not always the same, it is called a case of variahle 
^notion. In Prop. 67 the motion is steady^ in Prop. 68 it is 
variaMe, 

PnOP. 68. A cylindrical vessel containing ligidd^ having a 
small aperture in the hassy to find the time of a quantity fioioing 
out ivliicli is ecptal to the content of the vessel^ when it is leapt 
continually full. 

Let CB be the surface of the fluid in the vessel in fig. 83, 
A the apertoe in the base, let the height of BC above A be 
equal to then if u is the velocity of the fluid issuing at A, 
we have 
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Let a be the area of the vena contracta of tlie 
issuing stream, 5 the space any part would move 
through in a time t if v were constant; then the 
quantity flowing out in the time t is 

s X a^vt.a 


Fig. 83. 
C... B 


Now if r is the radius of the cylindiical vessel with the height 
we have its volume — 7^r^ 7^5 and, equating this to the last 
expression, we have 



a 



which gives the time t as required. 


PnOP. 69. To find the timer the vessel of the last question imll 
take to emjgiy itself when no fresh liquid is added. 

As the surface GB descends, the velocity of issuing at A will 
he continually diminishing until the vessel is empty, and will 
he always that due to the height of the surface above A, Now 
when a heaYj body is thrown vertically upwards, its velocity at 
any point in the ascent equals that at the same point in the 
descent, namely, that due to the height fallen through in the 
descent ; and the time occupied in ascending to the highest point 
equals that of descending again to the same point. In dyna- 
mics we have the space 5 fallen through by a heavy body^^^i^ 
= if V is the velocity acquired in falling for a time t fiom 
rest ; 

2s 

t=^ — . 

V 


But with a constant velocity the space described — vel. x time, 
and 


the time — 


space 
velocity ’ 


Therefore the time of the ascent or descent of the body acted 
on by the force of gravity equals twice the time required to pass 
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tlirough the same space if the body moved with the first or last 
velocity continued constant. 

Hence, comparing with the cases of the emptying vessels of 
liquid, the time of the cylindiical vessel emptying when no fresh 
liquid is added equals twice that of the same quantity flowing 
out when it is kept always full, for the velocity of the surface in 

the vessel = x velocity at the orifice. 


PnOP. 70, Jf7ien a jet of liquid issues fi'oni an aperture in a 
vessel containing it^ to find the form of the jet. 

If the jet be vertical it will remain vertical, but if it issues 
in any other dii-ection the curve which it takes will he the 
common parabola, since each particle of the liquid may be con- 
sidered as projected from the orifice, and its path will be that of 
a projectile, as investigated in d^mamics. Por the directions of 
projection horizontal the forms of the jets at and F are 

represented in fig. 82. The maximum range on a horizontal 
plane through the orifice occurs when the jet issues at an 
angle of 45® with the horizon, as found by theoiy and ex- 
periment. 

When any mass of fluid is in motion it possesses momentum 
as a solid would, but its effect upon any obstacle it should strike 
would be very different, from its wanting the attraction of cohe- 
sion possessed by the solid. If the fluid is moving in a pipe, the 
momentum may be easily seen to produce a very great effect 
when suddenly checked, since it is restrained from diverging 
laterally by the resistance of the pipe. When a stop-cock upon 
a pipe from a cistein is left open some time, until the water in 
the pipe has acquired its full velocity, and is then suddenly 
sliut, "we hear a succession of blows within the pipe, which may 
burst it, if it is weak. This property was made by Montgolfier, 
ill his hydraulic ram, the means to raise water from a lower to a 
higher level by very simple machinery. This machine is still 
in use in many places, performing the work for which it was 
invented. 
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Prop. 71. To explain the construction and mode of action of 
Montgolfier 3 hydraulic ram. 

Let AB, -fig. 84, be the level of tlie sui'facc of the water in 
the cistern, fiom which the 
pipe CD passes and termi- 
nates in a chamber which 
has two openings fitted with 
strong metal valves, as at a 
and &. Of these h opens 
downwards, and a opens up- 
wards into an air-vessel, into 
which the exit-pipe passes 
air-tight, to near the bottom. 

If the valve h is shut the 
liressui'e of the water in the 
pipe will raise the valve a, 
condense the air in the air-vessel, and find its level with AB 
in the exit-pipe. If the valve i be now pushed down a jet of 
water will issue through the opening and the water in the pipe 
will acq^uire a certain velocity and momentum, and when this 
becomes sufficient, it will lift the valve^ h and close the opening 
suddenly. The momentum of the water will now raise the 
valve a, and a portion of water will enter the air-vessel, con- 
densing the air still more, and then the valve a will fall and 
prevent the water escaping again, when the elastic force of the 
condensed air will force it up the exit-pipe until it escapes at F, 
Wlien the water in the pipe has come to rest the valve h will 
fall again and the same result take place as before. 

Prop. 72. To exfilain the construction and mode of action 
of Barker's mill. 

Barker’s mill has a vertical pipe AB connected with a hori- 
zontal one 0®, fig. 85. They turn together about a pivot E 
and in a bearing at F, The horizontal pipe QD is closed at 
the ends but has two openings at a and at the opposite sides 
of it. When water is poured into the upper part and escapes 
through the openings a and &, with a velocity depending upon 
the height of the surface in the pipe AB^ there is an unbalanced 


Fjg. 84. 
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reaction opposite each o£ the holes 
a and 5, and these cause rotation 
in the opposite direction to that of 
the issuing streams. 

Mo'^’ing fire^voiks generally act 
upon the same principle with Bar- 
ker’s mill ; that is, an unbalanced 
reaction from the heated gases which 
issue from the openings in them, 
gives them motion in the opposite direction. The rocket as- 
cending with great velocity re crimes a very strong case to con- 
tain tlie composition with which it is charged, especially as the 
case is choked near its lower end and a large surface of the com- 
position is on fire at the same time, so that the produced gases 
issue with great velocity and produce a large unbalanced reaction. 

The Turhine is a modification of Barker’s mill, with a hollow 
horizontal chamber bet’s\een two circular discs in place of the 
horizontal pipe. This chamber has openings along its circum- 
ference and partitions of a particular curved form in its interior. 
It is now constructed so as to exhaust the power of a stieam of 
water as completely as *the best water-wheels, and can he used 
with a supply of water to which they could not be applied. 

The undershot water-wheel consists of a vertical wheel turn- 
ing about an axle, with boards attached to its circnmference 
peipendicular to its plane, and called float-boaids. These float- 
boards dipping at their lowest positions into a sti-eam of water 
are carried along by its momentum, which thus gives rotation 
to the wheel. 

The hreast-'wlieel has a trough of masonry of the form of the 
wheel, in which the water strikes the float-hoards above the 
lowest point, and acts partly by its weight and partly by its 
momentum. 

The oDGTsliot wheel has the water laid on the upper part of 
the wheel ; which thus acts chiefly by its weight. It is some- 
times considered identical with the hucket-iolieeL 

The huchet-mheel has a series of troughs formed along its 
circumference of peculiar shape to retain the water as long as 
p. H. 9 


Fig 05. 
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possible during tlie revolution of the -wheel. The water is laid 
oUj or enters the troughs , near the upper part of the wheel, and 
acts almost entirely by its weight. This is the most effective of 
all the forms of water-wheels, and exhausts most completely the 
power of the fall of water, of which it renders available for 
work about 75 per cent. 


Peop. 73. A vessel ixirnwg ahout a vertical axis contains 
a quantity of liquid : required the form which the surface of the 
liquid assumes. 

Let ABGD in fig. 86 represent the vessel rotating round the 
vertical axis EF, and containing liquid. It is 
found that the surface of the liquid, which was ^5' 

horizontal before the rotation commenced, 
becomes ernwed and highest at the side of the 
vessel after it has commenced. The rotation 
having become uniform, the surface of the 
liquid takes a form such as Z?ac, which re- 
mains the same, and therefore there is equili- 
brium amongst the forces acting upon the 
liquid. Now the forces acting upon any par- 
ticle are the fluid pressure, the force of gi’avity, and the centri- 
fugal force arising from the rotation. 



If P be a particle in the siuface hac^ and we draw the 
normal FN, the tangent to the emwe PT^ and the radius of the 
circle which P describes Pilf, then the pressure of the atmo- 
sphere and the fluid pressure both act in the normal PiV; in 
which direction the resultant of the vertical force of gravity g, 


and the horizontal centrifugal force — _ radius x fan- 

radius ' 


gular velocity)" = aLPJf must also act, if a -angular velocity 
of rotation. 


Resolving in the direction of the tangent PT, we have for 
equilibrium 

a^ Pilf sin PPi¥- g cos PPilf = 0; 


or 




1 

FM’ 
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wlilcli is the property of the parabola. Let y^ — i.mx he its 
equation with oiigin a and axis of x the axis of rotation; then 

« • 2 7?Z) • 

hj conic sections tanP21'l/= — , therefore, comparing with the 
above equation, we have the semiparameter of the generating 
parabola of the surface equal to 

Prop. 74. To exjjlain the cause of the rarefaction in divei^g- 
{ng streanis of fluids. 

The discovery of the remartable effects of diverging streams 
of air and their explanation were made by 
Mr Poherts of Manchester. An instrument 
for showing tliese effects is often made, as in 
figures 87 and 88, of tin-plate; A being a cir- 
cular disc, say 1 inch in diameter, and BG 
another equal disc perforated in its center to 
admit the end of the pipe which is soldered 
to it. Some small prominences are generally 
made round the edge oi BG to prevent the 
disc A sliding laterally away. 

When a stream of air is forced along the 
pipe the disc A is not then blown away, 
but takes at some small distance a position of 
equilibrium, from which it requires some force 
to remove it. 

This effect arises as follows: let a be the 
opening of the pipe in the disc CZ?, fig. 89, 
and let the stream of air diverge on all sides 
from it as it issues from the pipe D on striking the disc A ; then 
in the divergence it becomes rarefied, and at a short distance 
from a becomes of less density than the atmosphere. Let hac 
represent the sector which a portion of air W’ould describe on 
passing fi*om the center to the circumference of the disc BQ\ we 
see that if by the first law of motion, the air continued to move 
with the velocity with which it issued from a, an elementary 
portion, such as would soon occupy many times the space 

9—2 



Pig. 87. 

B 
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whlcli it did on leaving tlie opening C5, and become more rarefied 
as it was farther fi.*om the center- If there were a vacuum around 
the edge, this would he really the case; hut with the atmospheric 
pressure at the edge the velocity is checked gradually, and 
a certain amount of rarefaction only takes place. When the 
disc jd is in a position of equilibrium, the atmospheric pressure 
on its outer face equals the sum of the variable pressures on the 
inner face. 

Coe. If a stream of air is forced along a conical pipe, a like 
result arises if it moves from the small to the wide end, or it 
becomes rarefied as it passes along. If, however, It passes from 
the wide end towards the small end, the converse of condensation 
takes place. 

The effects of adjutages to apertures in vessels of liquids 
which empty through them, depend on the same principles, and 
the important subjects of the best forms of the chimneys of 
furnaces, the construction of safety valves, and the forms of 
pipes for conveying steam or liquids, involve the same con- 
siderations. 


On Waves. 


If a disturbance is impressed on the surface of a liquid at 
rest, there are waves formed around the place where the disturb- 
ance is made. The simplest case is when the waves are formed 
around a center, as when a stone is thrown into a pond of still 
water. 


Fig. 90. 


B 


Suppose a heavy round body, as a, fig. 90, to be thrown into 
stiU water, it will carry before it the 
water at the surface where it falls, 
and on account of the little com- 
pressibility and high degree of elas- 
ticity of water, elevations as 5, c 
will be formed around a. Then the 
heavy body falling below the sur- 
face, the water which had been depressed below the level rises 
above it at whilst depressions take the places of the elevations 
at h and c, and fresh elevations arise at e and and so onwards; 
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so that a series of circular waves diverge around the center, 
whilst the space within continues for some time in a state of 
oscillation and undulation. If we observe the surface at any 
point by watching some small floating body, we see that each 
point in the surface has an oscillatory motion, rising above and 
falling below the original level of the surface alternately, and 
thus gives rise to an undulatory or wave motion diverging from 
the center.. 

If two sets of waves be formed by throAving two bodies into 
water, it is easily seen that they exist together, but interfere 
whilst passing through each other, so that where each set would 
cause an elevation we have produced a higher elevation, and 
where each would produce a depression we have a deeper de- 
pression produced ; hut where one set would produce elevation 
and the other depression, we have a less elevation or depression, 
and if the tendencies were equal the surface remains level. 
When two stones are thrown simultaneously into a pond of still 
water, the waves being alike round each center, at each instant 
the interference is regular, so that the places where they strengthen 
each other, and the places where they neutralize each other, are 
seen to occur in regular hyperbolic curves. 

If a series of waves strike directly against a plane surface 
they are reflected, and the series of reflected waves pass through 
the original waves as if they came from an origin at an equal 
distance behind the^ plane to what the real origin is in front 
of it, 


On Sound. 

Sounds are affections of the organ of hearing, which may 
arise in vaiious ways, but the most frequent are those which 
arrive through the air. 

That the air is the medium through which the sound from 
a distant sounding body comes to the ear, is shown by an expe- 
riment with the afr-pump ; for if a bell be rung in tbe receiver, 
the sound diminishes as the exhaustion is produced, and at 
length in the best air-pump vacuum is scarcely audible; so 
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that we conclude no sound could be transmitted through a per- 
fect vacuum. 

A sound may be produced by a single impulse transmitted 
through the air, as when a body is struck by a hammer; but 
a continuous sound requires a succession of impulses for its 
production, and when these occur with regularity they constitute 
a musical sound. 

That sounding bodies, such as bells, springs, stretched cords, 
&c, are in a state of vibration whilst sounding can be shown by 
various experiments. A simple and beautiful experiment with 
Wheatstone’s kaleidophone shows this for springs producing a 
musical note, in an instructive manner. The kaleidophone con- 
sists of a disc of wood AB^ fig, 91, into 
which are stuck wires of about inch 
ill diameter and 9 to 12 inches long or 
more, of which one should be bent at right 
angles, as in the figure. A small convex 
miiTor is stuck at the free end of eacli by 
black sealing-wax, as at a, h and c. What 
are called steel beads, but arc really silvered 
glass, may be used as convex mirrors, which answer the pur- 
pose, A string of these beads can bo often purchased at the 
cheap toy shops for a few pence. 

When tills instrument is placed in the sun’s light we see 
a minute image of the sun in the convex mirror ; and if the 
wire be struck sharply we see when it is straight that the image 
forms vihrations of changing ellipses, and when bent at right 
angles changing lemniscates. These may exist without sound 
being heard, hut when a violin bow is applied near the fixed 
ends of the wires to produce musical notes, there arise small 
vibrations upon the larger ones. These are called superimposed 
vibrations, and are produced by the vibrations of the wire giving 
the musical note. They appear variously upon the larger ones, 
and often look like the teeth upon a fine saw, being finer and 
closer as the note produced is higher. 

We learn from such experiments that the form of the vibra- 
tions may be very various, but the frequency of the vibrations 
changes as the musical note changes in pitch. 


Fig. 91. 
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The vibrations of the wires produce vibrations in the atoms 
of air near them, and these are transmitted by the elasticity of 
the air to other atoms at a distance, and thus form sound waves 
diverging around the sonorous origin. 

These sound waves travel through the air with a velocity of 
about 1100 feet per second, which can be shown by noting the 
inteival of time between the flash and report of a gun at a 
known distance. By a comparison of various experiments, it is 
concluded that tlie velocity of sound over tlie ordinaiy surface of 
a couutiy is 1090 feet per second at the freezing temperature of 
Avater; and that it is 1*14 foot per second more for every degree 
of temperature Fahrenheit, above freezing', and the same quan- 
tity less for every degree below it. The velocity of sound does 
not change with changes of the barometer, because tlie density 
of the air changes with its elastic force. The velocity of sound 
is the same for notes of different pitch; for we hear the notes 
from a peal of bells at a distance in their regular order, and in 
like manner the tune played by a baud of musicians sounds the 
same at different distances. 

Ordinary sounds cease to be heard over very moderate dis- 
tances of the rough surface of a coimtiy, but are audible very 
much further over still water or smooth surfaces. It is probable 
that sound is not only lost in passing over rough surfaces, but 
that its velocity is slightly retarded, as waves at the surface of 
water are in passing up a rough channel. In artillery practice, 
where the distance of an object to be fired at is often found by 
the interval between the flash and report of a gun, it is found 
that a little more elevation must be given to the gun when fired 
over water than when fired over land, since the water attracts 
the shot"' more than the land 1 A more philosophical explanation 
is, that the velocity of tlie sound was rather more over the water 
than over the land, and hence the distance it would travel in the 
same time rather more. 

The history of the mathematical investigation of the velocity of 
sound is singular. Sir Isaac NcAvton, from insufficient methods, 
found that the velocity of sound in air was equal to \^g . Zf, where 
g is put for the force of gravity, and H the height the earth’s 
atmosphere would reach if homogeneoirs. This is the same 
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expression as is found Tby tlie more correct solutions of Euler and 
Lagrange; and it gives tlie velocity of sound to be about 916* 
feet per second, or nearly ^th less than that found by experi- 
ment. Laplace suggested that the discrepancy arose from heat 
being suddenly developed in the rapid condensation of the air ; 
and Poisson, assuming a particular form for such effect, found 
that the velocity is represented by the expression if 

7 = — , where c is the specific heat of air under a constant pres- 
et 

sure, and the specific heat under a constant volume. By 
methods liable to serious objections the values ^ 1*3748, 1*4061, 

o 


1*421 have been found for 7, The author, from other methods, 
found that 7=1. for small condensations and rarefactions ; and he 
has shown that if we consider the condensations and rarefactions 
to take place in all directions when the sound wave passes 
through air, that the expression for the velocity of sound is 



This gives the velocity = 1122*2 feet per second at 


the freezing temperature; and from the experience of tlie ar- 
tillery, it is probably the true velocity when sound passes over 
still water. 


The expression, velocity = . H supposes the condensations 

and rarefactions to take place only in the direction of the wave 
motion. This supposition gives very nearly the velocity of 
sound passing through water, as determined by MM. Colladon 
and Stmm, in their experiments through the water of the Lake 
of Geneva, who found it to ho 4708 feet j)or second. Using 
Canton’s and (Ersted’s value of the compressibility of water, the 
velocity is found to be by calculation 4876 feet per second, which 
is not greatly different from experiment. 

If we note what takes place when a flat spring or the side of 
a bell is in a state of vibration Fig. 92. 

producing sound, we see that a ^ ^ h 

a series of atoms of air which 
were originally at equal dis- 

tances, as in the line a&, fig. 92, 1 1 • • • * I 1 ! ! X ! I • • 1 1 
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will 1)6 put into states of alternate condensation and rarefac- 
tion, as at cd and ef respectiyely, and the vibrations will be in 
the direction in which the sound travels. The vibnations are 
from this called longitudinal vibrations. The distance from c to 
d or from e to /is called the breadth of the sound wave, and the 
letter X is frequently put for it. It is convenient to compare 
these waves with those formed at the sxuface of water, though 
so differently produced ; for in- 
stance, in fig, 93, ad is the 93. 

breadth of a wave = X, and tlie 
particles at a and d are in the 
same state or phase of vibra- 
tion ; therefore if t be the time of an atom describing a complete 
vibration and of the wave travelling from a to v the velocity 
of sound = 1100 feet per second, nearly, we have X =: u . from 
wliich either X or t can be found when the other is given. 

Vibrating columns of air in wind instruments, and vibrating 
bodies generally, have what are called hops and nodes. The 
meanings of these terms are perhaps best illustrated by their 
places in vibrating strings fixed at the 
ends, as AB^ fig. 94. It may vibrate as 
a whole or between a and 5, and then 
produces its lowest or fundamental note, 
or it may vibrate as between c and c?, 
in two halves with a point e stationary, 
and then called a node^ whilst the 
points p and g' are in the state of great- 
est vibration, and are called loo^s. The 
note then sounded is the octave of the fundamental note. The 
same string may also vibrate as between y and with loops at r, 
5 , and and nodes at A and ?. It then sounds the fifth note 
above the octave, and so onwards. 

The places of the nodal lines upon plates of glass are seen 
in a great variety of forms by putting dry sand upon the plate 
and causing it to sound, when held at some point, by applying a 
violin bow to the edge. 

The pitch of a note depends on the frequency of the vibrations, 


Fig. 94- 

A B 
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or it is inversely as the time of a vibration, or as i , and 
therefore as — ; but v is constant, therefore it varies as ^ - 

\ A 

V 

Prop. 75. To find tJie pitches of the notes which can le ob- 
tained from the same stretched string of given length* 

When the tension of a string is the same, the time of vibra- 
tion of the lovrest note is proportional to its length; and we 
saw that the string AB^ fig, 94, might vibrate as a whole, in 
halves, thirds, <&:c. ; and therefore from the same string the 
notes whose pitches are as 1, 2, 3, 4, &c. can be produced; and 
by the property of superimposed vibrations two or more of these 
may be sounded together. 

Prop. 76. To find the pitches of the notes which can he oh^ 
tamed from a cylindrical tube closed at one end and og)en at the 
other* 

Let AB represent, in fig. 95, the tube, 
closed at A and open at B. When we blow 
across the open end the air will be set in 
vibration, and there will be a loop in the 
colninn of air in the tube at B\ but the air at 
the closed end must be at rest, and there 
mnst be a node at A, Therefore the sound 
wave of the lowest note will have for its 
breadth fom: times the length of the tube or 
distance AB* 

Any notes may be obtained from the same 
tube which fulfil the required conditions of a 
loop at B and a node at A\ as, for instance, in 
fig. 96, there may be nodes at A and a with 
loops at B and 5. The sound wave will have 
its length one third that of fig. 95. In the 
same way the conditions will be fulfilled when 
the sound wave lias its length one fifth, one 
seventh, &c. of that of the fundamental one, 
and the pitches of the notes which can he ob- 
tained will be as 1, 3, 5, 7, &c. 


Fig. 95. 



pjg. 9f). 
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We see that by blowing stronger over the tube the next note 
to be obtained above the fundamental one is the fifth above the 
octave, and the octave cannot be obtained; this is in accordance 
with experiment. 

The closed organ pipes or stopped diapason belong to this 
class. 

Prop. 77. To find the 2 :^itclies of the notes which can ho oh- 
iained from a tuie ojien at hotJi ends. 

When the tube is open to the air at both 
ends, as in fig. 97, and we blow across one end, 
setting the air in vibration, there wnll be a loop 
there and at the other end also, since it is open 
to the air ; but there must be a node between 
them, as at a in the figuie. The sound wave of 
the lowest note is therefore twice the length of 
the tube, and the note produced is the octave 
above that which woidd be produced if the 
end A were closed. This agi-ees with the 
experiment, 

Tire same conditions will be fulfilled if we have loops at A^ c. 
and By with nodes at a and &, and the sound 
wave, as in fig. 98, of the note produced is the 
length of the tube, being the half of that of 
fig. 97, and the note produced is the octave of 
the fundamental note. 

Similarly the conditions will he fulfilled if 
there are three, four, five, &g. nodes in the 
tube; and the pitches of the notes to be ob- 
tained arc as 1, 2, 3, 4, &c., which is in ac- 
cordance with experiment. 

The flageolet, flute, bugle, open diapason pipes of the organ, 
&c. belong to this class of musical instruments. 

The reed stops of organs are formed with vibrating brass 
springs, and the note produced depends upon the length and 
elasticity of the spring; but it is modified by the length and 
form of the tube to which it is attached, so as to imitate the 


j. • * 


Fig. 98. 





Fig. 97. 
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hautboy, trumpet, violin, &c. With a seraphine leed and a tube 
which can be lengthened by sliding a tube over the one holding 
the reed, we obtain the seiies of vowel sounds with the same 
note, and the order is % e, a, o, tCj pionounced in the continental 
manner as ee, af, aa, o, u. These are formed in the human voice 
by altering the cavity of the mouth and throat. 

The human voice is formed in the larynx behind the promi- 
nence in front of the neck, by the vibrations of the tendinous 
chordae vocales, which are under the power of muscles acting 
under the influence of the will. 


When two notes are sounded together, they harmonize or 
please the ear in proportion as the lengths of their waves aie 
commensurable ; thus the fundamental note and its octave may 
be said to form a unison. The next most perfect accordance is 


3 

when the ratio is 1 to - ; the next again 

a 


wnen ii is 


A LV 


next again when it is 1 



These in the series of natmal notes are as follows : 


Fundamen- 
tal note 

C 

Second 

D 

Major 

third 

E 

Fourth 

F 

Fifth 

G 

Major 

sixth 

A 

Seventh 

D 

Octave 

C 

pitch 1 

1 

5 

i 

! 4 

3 

3 

2 

5 

3 

1 

1 2 


The interval being large between 0 and the note D is 
made the fifth of the octave below the fifth, and its pitch is 
3 3 9. 

~ X - = “ , which though it will not accord with the fundamental 

4: 2 o 

note, will do so with the fifth, its best chord. 

The interval between A and C octave is also large, and the 
note B is made the major third to the fifth, with which it will 
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therefore accord, and its pitch is ~ x ^ ^ . Thus the diatonic 

A ^ 

scale of notes is as follows ; 


c 

[ 

D 

E 

1 

E 

G 

1 

A 

1 

B 

C 


9 

5 

^ i 

3 

5 

15 


pitch 1 1 

8 

1 

1 

3 

2 

3 

1 

T 

2 


The note G is called the key-note of the scale. It is clear 
tiiat if any other note were taken for key-notcj the relations of 
the sound waves would not hold the same. 

In instruments with fixed notes the tuning req^uires tempera- 
ment, so that in playing in the most usual different keys the 
least possible discord may arise; and the ear does not require 
perfect concords. 





A TABLE OF SPECIFIC GRAVITIES. 


A cubic foot of water at GO" Fahrenheit weighs 997-137 ounces avoii 
clupoisj 100 cubic inches of atmospheric air, barom, 30 iiL, therm 
60“, weighs 31*0117 grains. 


Specific gravities of gases, air 
taken as standard fluid. 

being 

Atmospheric air 

1-0000 

Hydrogen gas 

•0G88 

Nitrogen ,, 

•9757 

Oxygen „ 

M02G 

Carbonic acid gas 

1-5245 


Specific giavities of some bodies, water 

being taken as standard fluid. 

Water 

1-0000 

Sea-water 1'0263 to 

1-0295 

Cork 

Ln 3 

0 

0 

Pine wood : 

‘5500 

Kaple „ 

•7550 

Mahogany *820 

1*003 

Ebony 

1-209 

Box wood ’Dl^to 

1-328 

Oil of turpentine 

•8G9 

Camphor ^4- — 

■9S9 

Olive oil ft: — ' 

'915 

b 1 

Linseed oil t . -V • • 1 

•940 

Alcohol *79^1 to 

•829 

Nitric JKfcher 

•909 

Sulphuric sether. . . *G32 to 

-739 

Tallow 

■942 

Bees^vvax 

•964 

Ivory 




Gum Arabic 

1453 

Sulphxir 

1-991 

Phosphorus 

1-714 

Pit coal 

1-329 


Specific gravities of some Ijodies, water 
being taken as standard fluid. 


fi'lint - , - , 

2-59 

Corneliau 

2-Gl 

Bock crystal 

2-65 

Emerald 

2-77 

Gale spar j 

2-72 

Diamond 

3-52 

Topaz, Oriental 

4-01 

Beryl „ 

3-55 

Eriby „ 

4-2S 

Garnet, Bohemian 

4-19 

Bary tic spar 

4-43 

Granite 2'65 to 

2-75 

Potassium 

•865 

Sodium 

•972 

Aluminiuin 

2*560 

Antimony 

6*702 

Zinc 6-861 to 

7*100 

Tin 

7*291 

Iron 

7 -788 

Nickel 1 

8-279 

Cobalt 

8-538 

Copper 

8*895 

Bismuth 

9-822 

Silver 10-474 to 

10-530 

Lead 

11-352 

Mercury 

13-568 

Gold 19-275 to 

19-340 

Platinum 

20-980 

Plate glass 2*48 to' 

2*52 

Crown glass 1 

2-54 

Flint glass 2*80 to 

3-72 
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CONIC SECTIONS AND ANALYTICAL GEOMETRY. 

Conic Sections. Their principal Properties j^TOved Geometrically. 

By "W. WIIE'WELL, D.D. Master of Trinity. Third Edition. 8vo. 2^. Gd. 

The Geometrical Constmetion of a Conic Section. By the Pev. 

T. GASKIN. 8vo- Ss. 

Treatise on Conic Sections. By the Pev. J. Hammers, D.D. Third 

Edition. 8vo. 

A Treatise on the Application of Analysis to Solid Geometry. By 

D. E. OREGOHY, M.A. and W. WALTON, M.A. Second Edition. 8vo. 12y. 

The Elements of Conic Sections. By J. D. Hustler, B.D. Fourth 

Etlltlon, 8vo, 4i, Gd. 

A Treatise on Plane Co-ordinate Geometry. By the Bev, M. O’Brien. 

8vo. gj. 

A Treatise on Analytical Geometry of Thi*ee Dimensions. By 

J. HYMEllS, D.D. Third Edition. 8vo. 10^. Gd. 

Problems in illnstratlon of the Principles of Plane Co-ordinate Geo- 
metry. ByW. WALTON, M.A. Svo. 16 .t. 

Solutions of the Geometrical Problems proposed at St John’s College, 

from 1830 to 184G. By the Rev. T. GASKIN, M.A. 8vo. 12 j. 

DIFFERENTIAL AND INTEGRAL CALCULUS. 

An Elementary Treatise on the Differential Calculus. By W. H. 

MILLER, M.A. Third Edition. Svo. Gj. 

Elementary Treati.se on the Differential Calculus, in which the method 

of Llinita ia exclusively made uso of. By the Rev. M. O’BRIEN, M.A. 8yo. lOi. 6d, 

A Manual of the Differential Calculus. With Simjile Examples. 

By HOMERSHAM COX, B.A. is. 

Treatise on the Differential Calculus. By W. Walton, M.A. Svo. 

lOf. G^f. 

A Treatise on the Integral Calculus. By the Pev. J. Hymers, D.D. 

8vo. 10^. Gc/. 

Geometrical Illustrations of the Differential Calculus. By M. B. Pell. 

8vo. 2 j, Gd. 

Examples of the 'Principles of the Differential and Integral Calculus. 

GoUucted by D. E. GREGORY. Second Edition. Edited by W. WALTON, M.A. Svo. ISjy. 

ASTRONOMY. 

Elementary Oliapters ou Astronomy, from tlie “ Astronomie Pliy- 

siquo ” of BIOT. By the Rev. HARVEY GOODWIN, D.D. Dean of Ely, Svo. 3 j. Gd. 

Elements of the Theory of Astronomy. By the Pev. J. Hymers, D.D. 

Syo. 14j. 


Hewton’s Principia. First Tluee Sections, with Appendix, and the 

Ninth and Eleventh Sections. By the Rev. J. H. EVANS, M.A. Fourth Edition. 8vo, Gy. 

A Treatise on Heat. By Philip Kell and, M.A. Svo. 05. 

Series of Figures Illustrative of Geometrical Optics. From Schell- 
BACH. By the Rev, W.B. HOPKINS. Plates. Folio. lOjf. fid. 

A Treatise on Crystallography, By W. H. Miller, M.A. Svo. 7s. 6d. 
Mathematical Tracts. By the Pev. M. O’Brien, M.A. On Laplace’s 

Coefficients; the Figure of the Earth ; the Motion of a Rigid Body about its Centre of Gravity, 
Precession and Nutation. Svo. is. Gd. 
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I By W. ALLEN" lYEITWOKTH, M.A., Proiessor of MatheniatiL^ in Queen’s 
Colioge, Liverpool, and lute Scholar of St. John's College, Camhiidge. 8vo. 165. 

Elementary Geometrical Conic Sections. By 
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COmO SEGTIOl^S AND AI^ALYTIGAL GmMETMY— continued. 

An Elementary Treatise on Solid Geometry. By 

■W. S. ALOIS, M.A. 8vo. 8*. 

Problems in illustration of the Principles of 

Plane Co-ordinato Geometry. By "W. WALTON, M.A. 8yo. ISs. 

Elements of the Conic Sections. With the 

Sections of tlie Oonoids. By J. D, HUSTLER, B.H, FouHh Edition, 
8vo. 4s. 6d. 

Treatise on Plane Co-ordinate Geometry. Or 

tliG Application of tlio Method of Co-Ordinates to the Solutions of Prohleraa in 
Plane Goomctiy. By M, 0‘BRIEN, M.A. 8yo. 9s. 

Solutions of the Geometrical Problems, consisting 

chiefly of Examples, proposed at St. John’s College, from 1830 to 1846. 
With an Appendix containing several General Propeities of Curves of the 
Second Older, and the Determination of the Magnitude and Position of the 
axes of the Conic Section represented by the General Equation of the Second 
DegTee. By T. GASKIN, M.A. Svo. I2s. 

AETRONOMY, ETC. 
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CHALLIS, M.A,, F.E.S., Plumian Professor of Astronomy and Experimental 
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An Introduction to Plain Astronomy. For the 

use of Colleges and Schools. By P. T. MAIN, M.A., Fellow of Sfc. John's 
College. Fcap. Svo,, cloth. 4s. 

Practical and Spherical Astronomy. For the Use 

chiefly of Students in the Universities. By R, MAIN, M.A., Badelifle 
Observer at Oxford. Svo. 14 j. 

Brimnow’s Spherical Astronomy. Part I, In- 

eluding tho Chapters on Parallax, Befraction, Aberration, Prcecssion, and 
Nutation. Translated by R. MAIN, M.A., F.B.S., Badcliffe Observer at 
Oxford. Svo. 8s, (od. 

Elementary Chapters on Astronomy from the 

“Astronomie Physique” of Biot. By HABYET GOODWIN, D.D., Bishop 
of Carlisle. 8yo. Ss. ^d. 

Terrestrial and Oosmical Magnetism. The 

Adams Prize Essay for 1866, By EDWABD WALKEB, M.A., one of the 
Masters of Cheltenham College, late Fellow and Assistant- Tutor of Trinity 
College, Cambridge. Svo. 165. 

An Elementary Treatise on Magnetism and 

Electricity, adapted to the use of Students. By EDWABD WALKER, 
M.A., F.B.S,, lato Fellow of Trinity College. [Pr&panng, 
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A Chapter on Fresnel’s Theory of Double Ee- 1 

fraction. By W. S. ALDIS, M.A. Svo. Is. | 

Choice and Chance. Two Chapters of Arith- 1 

rnotic. _ By WII. A. WHIXWOUTH, M.A., Pcllow of St.John’s CoUege, 
Cambridge. Secoiid enlarged. Crown Svo. 65, 

Notes on Eoulettes and Glissettes. By W. H. 

BESAJ^T, M.A. Svo. 3s. 6-?. 

Exercises on Euclid and in Modern Geometry, 

containing Applications of the Principlea and Processes of Modem Pure 
Greometiy. J. McDOAVELL, B.A,, Pembroke CoUege. Crown Svo. Ss, Qd. 

Elementary Course of Mathematics. Designed 

principally for Students of the University of Cambridge. By HARVEY 
GOODTVIX, H.D., Lord Bishop of Carlisle. Sirfh Tditionj revised and enlarged 
by P, T. MALN^ ALA., Pellow of St. John’s College, Cambridge, Svo. 16 j. 

Problems and Examples, adapted to the 

“ Elementary Course of Alatliematics.” With an Appendix, containing 
the Questions proposed during the first three days of the Senate House 
Examination. By T. G. YWY-VN", M.A. Third Tdiiion. Svo. ds. 

Solutions of Goodwin’s Collection of Problems 

and Examples. By W, W. HUTT, M.A., late Pellow of Gonville and Gains 
College. Third Edition, rmsed and eyilargtd. By T. G. YTYTAN, M.A. 
Svo. 9s. 

Examples in Arithmetic, Algebra, Geometry, 

Logarithms, Trigonometry, Conic Sections, Mechanies, &e., T^uth Answem 
and Occasional Hints. By A. AVRIGLEY, M.A., Professor of Mathematics 
in the late Royal Military CoUege, Addiscombe. &ixth Tdiiimx^ cerrrecUd, 
Svo. 85. 6f?. 

A Companion to Wrigley’s Collection of Ex- 

amples and Problems, being Illustrations of Mathematical Processes and 
Methods of Solution. By J. PLATTS, Esq.., Head Master of the Government 
College, Benares, and A. IVRIGLEY, M.A. Svo, 12 j. 

Figures iUnstrative of Geometrical Optics. From 

SCHELLBACB:. By W. B. HOPKINS, B.D. mtes. PoUo. lOs. 6J. 

A Treatise on Crystallography. By W. H. 

MILLER, M.A., Professor of Mineralogy in the University of Cambridge. 

8 VO. 75* 6^. 

A Tract on Crystallography, designed for Stu- 

dents in the University. By W. H. MILLER, M.A. Svo. 5s. 

Physical Optics. Part II. The Corpuscular 

Theory of Light discussed Mathematically. By RICHARD POTTER, M.A., 
i late Bellow of Queens’ College, Cambridge, Professor of Natural Philosophy 
I and Astronomy in University College, London. 7^. 6d. 
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Aristopbanis Comoediae superstites cum deper- 
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Master of Ipswich School, late Fellow and Assistant Tutor of Trinity College, 
Cambridge. 8vo. 
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Demosthenes. The Oration against the Law 

of Leptines. AYith English Notes and a Translation of Wolfs Prolegomena. 
By AV’. B. BEATS ON, M.A., Fellow of Pembroke College. Small 8vo. Gs. 

Demosthenes de Falsa Legatione, Thh'd Edition. 

carefulhj retmd. By R. SEILLETO, l^I.A., Fellow of S. Petei’s College, 
Oambiidge. 8 yo. Ss. 6d. 

Demosthenes, Select Private Orations of. After 

the Text of Dindorp, with the various Bendings of JiEi&icn and Bniacmt. 
With English Notes. For the use of Schools, By 0. T. PENROSE, A.H. 
SccQHd Ildiimi. 12mQ. 4s. 

Euripides. Eahnlaa Quatnor. Scilicet, Hippo- 

lytu 9 Coronifer, Alcestis, Iphigciua in Atdide, Iphigenia in Taui'is. Ad fidem 
Manuseiiptorum ac vetemm Editiomim emendayit et Aimotationibus insti’usit 
J. H. MONE, S.T.P. MUw Xova. Svo. 12?. 

Be^mriU'hj — Hippoiytus. Svo. cloth, 5s. Aloes'tis. Svo. sewed, 4s. 6d. 

Titi Lncreti Cari de Rernm Hatnra Lihri Sex. 

With a Translation and Notes. By H. A. J. hfUNRO, M.A., Fellow of 
Trinity College, Cambridge, Second ErfitioH, i-m'scd tb^ou^/ioHt. 2 yols. Syo. 
Yol. I. Text, IGs. Yol. il. TranslaHon, 6s. May be had separately. 

MvsfB Etonenses sive Oarminvm Etonaa Condi- 

, torvm Delectvs, Scries Nova, Tomos Dvos, eomplectens. Edidit RICARDYS 
I OKES, S.T.P. , Coll. Regal, apvd Gantabrigiensea Praspositvs, 8vo. 16s. 
A^ol. II., to complete Sets, may be had separately, price 58. 

Plato. The Phaedo, with Notes, Critical and 

Exegctical, and an Analysis, by WILHELM WAGNER, Ph. D, Fcap. Svo. 
5s. Gd, 

Plato. The Apology of Socrates and Orito, 

With Notes, Cntical and Exegetical, by WILHELM WAGNER, Ph, H. 
Fcap. 8yo. 45 . Gd. 


TulJishd hj Diiffhton, Bell, and Co., Camh'ulje. 
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Platonis Protagoras. Tire Protagoras of Plato. 1 

The firceh Text lCTi«ed^ with an Analysis and English Ey "W. ' 

"WAYTE, M.A., Ecdlow of King’s College^ Cambridge, and Assistant !I^*ra-ter j 
at Eton. 8vo. H^eeond £ditmi. [In fA? i'ms, . 

Plato’s GorgiaS; literally translated, witli an j 

Introductory Essay eontnining a Summary of the Argument. By E. M. | 
COPE, M.A., Fellow of Tiinity College. "8vo. U- j 

Plautus. Anlularia. With Notes, Critical and 

Uxecjetioal, anil an Inti’oduetion on Plautian rrusocly. Bv 'WILIIIIM | 
WAGNEE, PI 1 .D. 8to. 9s. ' | 

Yerse-Translations hom Propertius, Book Y. ' 

YTith. a Eorisecl Latin Test, and Brief English Kate?. By E. A. PALEY, j 
ILA., Editor of Piopeitins, Grid's Fasti, Ac. Fcp 8to, 35, i 

Propertius, The Elegies of. With Enghsh Notes ' 

and a Preface on the State of Latin Scholarship. By F. A. PALEY, Editor 
of iEschylus, Ac. YTth copious Indices. IO 5 . G<1 I 

Terence, v*hth Notes, Critical and Explanatory. 

By n'lLIIELlI WAGXEE, Pli. U. Post Svo. 10s. 64. 

Theocritus, ndth Short Critical and Explanatory 

Latin Notes. By F. A. PALEY, M.A, f^uond Mdifionj coiTectcd and en- 
larged, and containing the newly discovered Idyll. Crown Svo. -ii. Gd, 

Theocritus. Translated into English Yerse, by 

C. S. CALYEELEY, jT.A.j late Fellow of Chiist’a ColIegCj Cambridge. 
Crown Svo. 7s. Gd. 

Thucydides. The History of the Peloponnesian 

'War, by THUCYDIDES. "Witli Notes and a careful collation nf the two 
Cambridge Manuscripts, and of Aldine and Juntine Editions. By EICHABD 
SHILLETO, M.A., Fellow of S. Peter’s College, Cambridge. 

P. Yirgilii Maronis Opera. Edidit et syllaharnm 

quantitates noTo eoqne facili modo notavit THOMAS JAREETT, M.A., Lin.- 
guns Eehram apns Cantabrigiensi^ Professor regius. One Yol., Svo., price 12s. 

Translations into English and Latin, by 0. S. 

CALYERLEY, M.A., late Fellow of Christ’s College, Cambridge. Post 8vo. 
7s. Gd. 

Arnndincs Cami. Sive Musaruni Cantahrigien- 

sium Lusus Canori. CoUegit atque edidit HENRI C ITS DRURY, A.M., 
Archidiaconua ‘Wiltoneusis Collegii Caiani in Grcecia ae Latinis Llteris quon- 
dam Prmlector. Equitare in amndine loiiga. Editio Sesfa, Curavit 
HENRICUS JOHANNES HODGSON, A.M., Collegii SS. Trinitatis quon- 
dam Sodus. Crown 8yo. 75. 6i?. 

Sertnm Caithnsiannm Eloribiis tiinm Seculornm ' 

Contextnm. Cura GULIBLiHI HAIG BRO'WN, Scholm CarthusiausB 
Arehididascali. 8to. Ii5. 




10 Educational TFor/cs 


Folionim Silviila, Part I. Being Passages for 

Translation into Latin Elegiac and Heroic YovsO; edited by HUCEHT A. 
HOLDEN, LIi.D^, late Fellow of Trinity GoUege, Head Master of Queen 
Elizabeth’s School, Ipswich, Fifth Fdition. Post 8vo. 75. 6^^. 

Folioxnm Silvula. Part II. Being Select Passages 

for Translation into Latin Lyric and Comic Iambic Yerse. By HTJBEET 
A. HOLDEN, LL.D. Third Ikhtion, Post 8yo. 5s. 

Folionim Silvula, Part III. Being Select 

Passages for Translation into Greelc Yerse, edited with Notes by ITTJBERT 
A. HOLDEN, LL.D. Post 8vo. 85. 

Folia SilvulfB, sive Bclogfe Poetarnm Anglicoriim 

in Latinum et Grojcum conversto qnas disposuit HTJBEETUS A. HOLDEN 
LL.D. Yolmuen Prius continena Fasciculos I. II. 8vo. 10s. 6d. 

Yolumen Alterum continena Fasciculos III. lY. 8vo. 12s, 

Folionim Genturiie. Selections for Translation 

into Latin and Greek Prose, chiefly from the UniTersity and College Examina- 
tion Papers. By HUBERT A. HOLDEN, LL.D. Third Fdiiion. Post 
8vo. 8s. 

Greek Verse Composition, for the use of Public 

Schools and Private Students, Being a revised edition of the Greek Yerses of 
Slu'ewsbury School. By GEORGE PRESTON, M.A,, Fellow of Magdalene 
College. Crown 8vo. 4s. (id. 

A Complete Latin Grammar. Third Edition. 

Yeiy much enlarged, and adapted for the use of University Students. 
By J. TV. DONALDSON, D.D., foi-merly Fellow of Trinity College, Cam- 
bridge. 8vo. 14 j. 

A Complete Greek Grammar. Third Edition. 

Yery much enlarged, and adapted for the use of Univeraity Students, 
By L TV. DONALDSON, D.D. Svo. 16s, 

Index of Paasngea of Gieek Authors quoted or referred to in Dr. Donaldeon’s 
Greek Gvoinmar, pi'ice Od. 

Varronianus. A Critical and Historical Intro- 

duction to the Ethnography of Ancient Italy and to the Philological Study 
of the Latin Language. Third Editmi^ revised and considerably odarged^ 
By J. TV. DONALDSON, D.D. Svo. I65. 

The Theatre of the Greeks. A Treatise on the 

History and Exhibition of the Greek Drama: with various Supplements. 
8emnth Edition^ revised, enliu’gcd, and in part remodelled; with numerous 
iUustratione from the best ancient authorities. By J, TV. DONALDSON, 
D.D. Svo. 14s. 

Classical Scholarship and Classical Learning con- 

sidered with especial reference to Competitive Teats and University Teaching. 
A Practical Essay on Liberal Education. By J. TV. DONALDSONj D.D, 
CroAvn Svo. ds. 
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I The Greek Testament : Avitli a Critically revised 

I Te^t; a of ‘^niinns lit'idinps; Hf/irciiccs to Tcilil mid 

Idi'jmatif Utn-^c ; rruk^romtna ; and a Cntifil and E\(*^idical Comnicnt.trj'. 
For the Use oi Stuck nt-^ and VinistLrs. Bj- IIEXllY ALFOllB. 

D.D., Bean of Caiituhury. -i -^oia. S’^n. Sold -''pii-Uely. 

Vol. I. rinii LDiTios’, containing the Four fJo^pek. 1/. 8s. — II. riFTii 
LniTKLV, containing die Act? of the Apostle?, Epistk- to the Eomana and 
Coiinthian-.. 1/. is. — Vol. III. roT'UTH rniTJOA, containing the Epistles 
to the Galitiaii=, Ephesians, I’liilippiaD', C'rdoS’^^ian?, Th«.‘?'alonirais, — to 
j Tiiiioth^'-u'’, and Pliih in 'll- ly^. — V(j 1 . , Parti. ronnTii nniTiox. 

I The Epistle to the Helarvr- : The Catholic Epiatks of St James and 

St. Peter. 18s. — Vol. lY. Pait II. Trimn rnmox. The Epistles of 
j| St. John and St. Jude, and the iLCVt-lath^n. 14?, 

' The Greek Testament. With English Notes, 

' intended for the Ujirier Form? of Schools and Pat^'-nien at the Univeisitie?, 

, By IIENBY ALFOKD, B.D. Ahiidg d by BKADLEY^ H. ALFOEB, M.A,, 

late Scholar ot Tiinity College, Camhiidge, One ^oh, ciown 8yo. IDs. G.'7. 

Annotations on the Acts of the Apostles. De- | 

' signed principally for the u^e of Candidate? for the Ordinaiy B.A. Degree, i| 
Stufkiit'j liu Holy Ord( T'*, Ac, uiih Ctdlcge and Senate-House Examination '[ 
' Pai)C‘r3. By T B. MASKEVk biC0t}d mlar^t-'L 12mo. os. i 

Tertulliani Liher Apologeticus. 

The Apology of TertuUian. With English Hotes and a Preface, intended as 1 
an introduction to the Study of Patii'^lical and Ecckaiastkal Latinity, By 
H, A. WU0D1IA!M, LL.D. Second Fdiiwn. 8vo. 8s. Gd. j 

I The Mathematical and other Writings of Kobert ' 

j LESJJE ELLIS, M.A., late Ftllotv of Trinity College, Cambridge, Edited [ 
hy WILLI AIM WALTON, M.A., Trinity Collrge, ^vith a Biographical ' 
j Memoir by HAEYEY GOODWIN, D.D., Lord Bp. of Carlisle. 8vo, 165. 

I 

! The Mathematical Writings of Duncan Faequhar- i 

SON GPlEGOPlY, M.A., Inte Fcllotv of Trinity College, Cambridge. Edited l 
by WILLIAM WALTON, M.A., Trinity C'ollcge, Cambridgo. With a i 
Biographical Memoir hy PlOBERT LESLIE ELLIS, M.A,, late Fellow of 
Trinity College, Svo. 125. | 

Lectures on the History of Moral Philosophy , 

ill England. By W. WHEWELL, D.D., formerly blaster of Trinity Col- 
lege, Cambridge. New and Iniproyed Edition, with Additional Lectures. 
Crown 8 VO. 85. 

Elements of Morality, including Polity. By W. 

WHEWELL, D.D. New JSdiiion, in 8ro. 15 j, 

Astronomy and General Physics considered with 

reference to Natural Theology (Bridgewater Treatise). By W, WHEWELL. 
New Bdiiiony uniform with the Aldine Editions. 5s. 
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Kent’s ComraentLiiy on International Law, re- 

visod with NoIl'S and CaHr-ii Ijioui^lil JotA'ii to tlin present time. Edited hv 
J. T. ATJJIY, LL.D., Barrister nt La^r, Prolesior ofLatvs in tBc Uni* 

voivlty of Cambridgo, and La^^" Leeturor at Gvesliam College. Syo* IGa. 

A Man mil of the Roman Civil Law, arrano-od 

nceording to the SyllahuB of Dr. IlALiarvx. Dcsio^nedlm- thence of Stndenls in 
tUo XJiiiveis-iliCvS and Inna of Oomd. G. LEAPING Y'^ELIj, LL.D, 8vo. 12 j, 

A Syriac Grammar. By G. Phillips, D.D., 

Prcfsideut of Queens’ OoUego. 2'Jiird rensod tiHcU^alirrffetL Syo. 7s, Gd, 

A Concise Grammar of the Arabic Language. 

By W. J. BEAlirONP, M.A. Bo vised hy SiiT.iicn Ali Naoy rx, Bauiuny, 
one of the Shcilch.'^ of the El Ajilur Hoaq^ue in Gttivo, 12mo. 7 s. * 


The Student’s Guide to tlie University of 

Cambridge. Hevised ami correoteil in accordance with the 
recodt refinUdions. Pcap. 8vo. 55. 

Tins volume is intf'udod to gi\ o such iJivlujuiiary information maj lie to jiavenG who 

mo desirous of ^euclmg tUcir «ious to the UnivoisUy, to put tUoiu in posssHiuu oi the hiidinj^ 
i’.u G, and to iiuUcato the iKiiuG to which llieir atteutiou should he tlircctediu seeking' lurlhor 
iulorumlioii from the tutor. 

SuggeAioiiii .11 e al* n uiveu to the younger membeis of the TJuneidry on expensts and cfml^o of 
loiiilmg. 

r'DMrxis 


iMUoimcTiov, by ll. Si v ta Y, M.A., I’ellow 
nt i'lnwt'o College, fl.tmln’idgL-. 

On University hixiiensc'-, by the Ilev, IT. 
Lmu.vm* AU.A., Id’Utnv .aid Tutor ot Trhdtv 
IhiU, 

On the (Jhaice of a College, hj'' J, li. Rt' i mv, ]\l. A, 
On the Comse <il Ueiidiug for the Classic. il 
'rnpo'^, bv the la'v. It. lUuiM, Fellow aiul 
Tutor oi Trmily College, 

On the Cour-ic ol UiMding lor the jratlmin.vtical 
Tripos, iiy tlie Kov. W. j\I. C.VMriox, Fellow 
and Tutor of tiuceus* College. 

On the Course of Heading tor the Tttoral Seieiiees 
Tiipos, by the Hev, ,T, B. IVI \.vgu, Follow 
mul 'Ihitov of St. Tohu’rt C’ollege, 
on ttie Coui.se ot Iteiuling for the Natural 
SiieiUMS Tripos, by ,T. U. Liviaao, M.A., 
3h’ofL'sj,or of t'lu'inistry, lute Fellow of Bt, 
John’n College, 


On Law StudiLH and Law J)efn’ee=j, by J. T. 
Aimy, LL.])., Itegius Professor of Laws. 

Medical Study and Uegrees, by G. I\[. IIeMrnri.Y, 

M.B. 

Oil Theological Exaiuinatioiw, by the Bight 
llev. tha Loim Ursimr or Ely. 

The Ordin.iry (or l^olU Degioe, by the Ilev. J. 
11 , Lt^mhy, ala., hUD Follt>w of Alagibdone 
fhdlcge 

Examinations for the CTvil Servico of India, hv 
tbe Hev, II. La'Uloi. 

Local EMUninutinns oi the Fniver.sity, by II. . 7 . 
lloji\, ALA., late Fellow ot .St. \ToUii’s 
College. 

DiplonuitiG Servico. 

Detailed Account of the scver.il CoUegei. 


Cambridge Examination Papers, 1859. Being 

Bupplcmcnl, In llio Cambridj'o Univoraily Calendar. 12iuo, 2s. 6d. 

Goutaining thoKO set for tlio XyiAvhitt’B llubrow >ScliolarB]np' 5 . — ^Theological 
ExamiuiiUous. — (larus Prize. — Crofiso Sciiolar-ibipp, — Law Degree E.x- 
amiiiutioii. — JMuthcmatieal Tripos, — ^'Pho Ordinary B.A. DegToe. — iSniith’s 
i’rizo. — CTnivcrHity SelioliirHlnj)^, — Cla.-ie>ical Tripos. — Moral Sciences 

Tripos, — Clianccllor‘s Legal Medals. — GhtmoclloUs Alcdals. — P 'U’s Seho- 
liirsitips. — Natural Scienoca Tripos. — Previous Examination. — Tiieologieal 
Exarninfttion, AVilli Liais of Ordinary Dogroos, and of those who have 
passed the rreviou.s and Theological Examinations, 

37ic Ji\va»winf/o)i 0/I8DG, 1857 and 1858, mat/ siili le liad^ 2.s'. Gd. each. 
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